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ACTIVITY RHYTHMS IN THE LARVAE OF 
MYRME LEON OBSCURUS RAMB. 
(NE UROPTERA I MYRMELEONTIDAE) 
1. INTRODUCTION 
There is very little information available on the general 
biology of myrm eleontid larvae, and nothing is kno ~n of their 
activity rhythms. It is known that most ant-lion larvae con-
struct small conical pits in dry sand, apart from which they 
show very little activity. They do occasionally crawl around 
on the surface of the sand but this generally indicates that 
they are about to moult or pupate. In this investigation the 
daily (circadian) and lunar activity rhythms of a lo cal ant-lion, 
Myrmeleon obscurus Ramb., were studied. 
used as the criterion of activity throughout. 
Pit building was 
Because pit 
building in these animals was the basis of the whole study a 
thorough investigation into factors affecting pit construction 
was undertaken before studying any activity rhythms. 
Although nothing is known of ant-lion activity rhythms 
there is a w ealth of literature on this subject in othe r insects. 
It is well known that most animals restrict their activity to 
certain limited periods of the day (Enright, 1965), and that 
these activity periods occur at regular intervals related to 
the daily 24. hour cycle. These circadian activity rhythms 
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have been extensively studied and there is a number of 
important r eviews on this · subject. Om~ of the earliest 
reviews was that of Welsh 0938), who discussed diurnal 
changes 1 not only in the general activity of various animals, 
vertebrate and inv'ertebrate 1 but also diurnal fluctuations in 
light production, eye pigments 1 and many other processes. 
This review was followed by that of Bruce and Pittendrigh 
0957) 1 which is largely a list of the rhythms recorded in 
various animal spe.cies. It was not until the review by 
Harker 0958) 1 that some indication was obtained o/ the 
physiological processes involved in the control of activity 
rhythms. There is also a large number of recent reviews 1 
such as those of Cloudsley- Thompson (1961) 1 Harker 0961), 
Aschoff 0963) 1 Bilnning 0964) 1 Aschoff 0965) 1 and Boll-
berger 0965) 1 which give a very comprehensive coverage 
· of the field of activity rhythms. 
In general it is agreed that circadian activity rhythms 
have a basic periodicity of about 24 hours. This basic or 
endog~nous periodicity becomes apparent when the animal is 
maintained under constant conditions 1 and is known as the 
free -running period of the rhythm. The free -running rhythms 
seldom have a period of exactly 24 hours and under natural 
conditions 1 the rhythm is synchronized to precisely 24 hours 
by external environmental factors, such as light or temperature 
changes. Light is generally the most important synchronizing 
factor, and reversal of the light-dark cycle will produce a 
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reversed activity rhythm. With this information as a back-
ground the circadian and lunar activity rhythms of ant-lions 
were investigated. 
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2 . MATERIAL AND METHODS 
All the ant-lion larvae use d in this investigation w ere 
collected in the Grahamstown district. Large numbers of 
larvae of various sizes were collected, and from this popula-
tion random samples w e re withdrawn for use zn the experiments. 
The larvae were extremely difficult to identify to species, and 
where possible, all the larvae used in the experiments were 
. 
reared to the adult stage to facilitate identification . .About 
95% of the ant-lions used were identified as Myrmeleon obscurus 
Ram b. by Tjeder 0966). The rem aining 5% included 
Myrmeleon medialis Banks, and a few species which remained 
unidentified. This small percentage of alien larvae did not 
appear to affect the results obtained. The population was 
thus regarded as being uniform, and no allowance w as made 
for the occasional alien larvae . 
In the laboratory, the animals w e re kept in plastic 
dishes w ith a · square top (sides 10.5 em . ) tapering to a 
base with sides of 8. 5 em. The depth of the dishes was 
8 em. These containers were filled with sand from the 
natural habitat which had been sifted to remove debris. All 
the ant-lions were fed on custodian ants, Flagiolepis custodiens 
Santschi, and under these conditions successfully completed 
their development. 
A maJor problem encountered in this study w as to find a 
suitable way of measuring the daily pit building activity of the 
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ant-lions. For obvious reasons, conventional mechanical 
actographs were unsuitable for such small sand dwelling · insects. 
Attention was thus turned to recent developments in electronic 
transducers in an attempt to find a circuit which could be 
adapted for the study of ant-lion activity. A number of 
electronic transducers have been developed by various workers 
in an effort to find a sufficiently stable, sensitive instrument for 
recording the activity of very small insects. Po~ell, Esch 
and Craig 0966), for example, recorded the activity of 
mosquitoes using a series of parallel wires connected to the 
terminals of a battery, such that the circuit was completed wher:. 
the animal walked on the wires. A circuit of this design was 
obviously not suitable for an ant-lion moving in a dish of sand . 
More sensitive electronic transducers with a wider application 
have been devised using changes in capacitance to detect insect 
movements. Instruments operating on this principle have been 
used by Lofqvist and Stenram 0965), to record the activity of 
various insects, while Schechter, Dutky and Sullivan (1963), 
have recorded the activity of small insects by detecting frequency 
changes in capacitance, with an FM detector. Both these 
electronic actographs, however, are expensive, tend to be 
unstable, and are not very sensitive. Based on the ideas of 
Schechter, Dutky, and Sullivan 0963), a circuit wo.s designed 
for recording ant-lion activity ( Grobbelaar, Morrison, Baart 
and Moran, 1967). This recorder was extremely versatile and 
was used not only with ant-lions, but with minor modifications 
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was also used to monitor the activity of hamsters, aquatic 
insects, and very small insects such as Drosophila and thrips. 
The apparatus was extremely sensitive, relatively inexpensive, 
with negligible drift, and used batteries as a power source. 
2.1 Circ i.l it Description (Fig . :; 
The instrument comprised a sensor in which the insect 
was confined, an oscillator, a frequency detector, . 'amplifier 
and recorder. -The basic principle was that the oscillator 
frequency was changed by a variation in the capacitance 
between two electrodes when the insect moved in the sensor 
chamber. This variation in frequency was converted into a 
voltage v ariation -which was amplified and used to drive a 1 ma 
D. C. recorder. A small c hange in the (mpedance between 
point A and ~arth changed the frequ'ency of the oscillator (TR 1). 
This impedance was that of the series resonant circuit consisting 
of the coil L 1, the isolating capacitor C 3 and the capacitance 
between the sensor electrodes, one of which was connected to 
the metal chassis (earth). T he variation in impedance was 
p roduced by a change in the capacitance of the sensor caused 
by movements of the insect. The coil L 1 was tuned so that 
the resonant frequency of the series circuit was clos e to the 
oscillator frequency . In this way a large frequency variation 
was obtained for a small capacitance variation. The e mployment 
of a resonant circuit, instead of a capacitor alone, gave an 
increase in sensitivity of about five times. 
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Fig. 1. Circuit diagram for capacitance 
sensitive insect activity recorder . For 
explanation and list of components see text. 
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The frequency detector operated as follows. The output 
of the oscillator from point E was fed to a further resonant 
circuit (L 3, C 7), the impedance of which var;'u: sharply 
with the change in frequency. The resistance R 5 and this 
impedance formed a potential divider. The change in 
frequency was thus converted to a change in voltage amplitude 
across the resonant circuit. This voltage was detected by 
the diode D 1 using a time constant of 25 millisecoT;-ds and 
the output was taken through a capacitor (C 9) to the gate 
G of a field-effect-transistor (F.E.T.) which was the first 
stage of the amplifier. The amplifier consisted of a low noise 
input stage (TR 2) followed by two complementary stages 
(TR 3 and TR 4-). (With small alterations in the biasing of 
the transistor a low noise transistor could be used in place of 
the F. E . T. ) . Although these three stages were directly 
coupled, no serious drift was encountered since each individ, :c.,l 
stage was well stabilized. 
The output stage was an emitter follower (TR 6) whi :.:i~ 
was driven by a common emitter (TR 5) the input amplitude 
to which was controlled by a potentiometer ( R 13). This 
determined the size of the· recorder deflection. The recorder 
was fed with unidirectional signals obtained by rectifying the 
output of TR 6 using the r:liodes D2 and D3. The rectifier 
was fed through the capacitor C 14- so that drift in the amplifier 
had no effect on the recorder. 
The circuit was shielded by means of a metal cover, and 
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the leads to the battery and recorder were screened to 
pre vent oscillation. A single accumulator was used as the 
power source with the current drain being 10 milliamps. If 
dry batteries are used it would be advisable to use a separate 
battery for the output stages. This eliminates the risk of 
oscillation when the batteries begin to run down. A well 
regulated D. C. supply, powered by the mains, can also be used. 
2.11 Components 
(i) Capacitors: C 1 - 10 pf, C 2 - 0.1 mfd, 
C 3 - 250 pf, C 4- . - 20 pf, C 5 - 0.1 mfd, C 6 - 56 pf, 
C 7 - 0 to 10 pf trimmer, C 8 - 0. 25 mfd, C 9 - 3 mfd 
50 V paper, C 10 - 500 mfd used. for low leakage, C 13 .-
500 mfd 30 V, C 14- - 1000 mfd 30 V. 
(ii) · Resistors: R 1- 3.9 Kn. , R 2- 1.8 Kn. , 
R 3 - 1. 5 K n. R 4- - 1 K n. , R 5 - 27 K.n. , R 6 - 150 r [ .r-. 
R 7 - 100 Kn.. R 8 - 4-70 Kn. , R 9 - 6. 8 Kn R 10 -
10 K.n. , R 11 - 5. 6 Kfl , R 12 - 3. 9 Kfl. , R 13 - 5 K.L 
potentiometer, R 14 - 4-. 7 K.n. R 15 - 100 K f). , R 16 - 22 Kn. 
R 17 - 2. 2 K.n. , R 18 1 Kn. 
(iii) Diodes : D 1, D 2, and' D 3 - all OA85. 
(iv) Transistors: TR 1 - OC4-4-) TR 2 - 2N3820, 
TR 3 - OC14-0, TR 4- - QCI.j.l;., TR 5 - OC71, TR 6 - OC?l. 
(v) Coils: L 1 - 24- turns of 24- gauge enamel-covered 
wire on a j inch former. A piece of ferrite three inches 
long cut from the antenna of a portable radio receiver was used 
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as the core inside the former. L 2 - 55 turns of 36 .gauge 
enamel-covered wire on a i inch former t D.pped 15 turns 
from one end, the 15 turns being between B and E. A 
powdered iron core fitting the standard i inch former was 
used for tuning. · L 3 - 31 turns of 24 gauge enamel-cover.ed 
wire on a J inch former. A short piece of ferrite rod 
as was used for L 1, was inserted for tuning. 
2.12 Sensors 
To record the activity of insects 1 using this circuit 1 
their movements first had to be converted into variations of 
the capacitance between two electrodes. These variations 
were then converted by the frequency detector into voltage 
variations and it was therefore important that a large percentage 
variation of capacitance was obtained for any insect movements 
in the sensor. A pair of parallel plates 1 as has been used 
by other workers, will not give a large variation in capacitance 
and for maximum sensitivity the electric field between the two 
electrodes must be made as non-uniform as possible . The 
sensor used to record the activity of ant-lions consisted of a 
flat wire spiral as shown in Fig. 1. 
to the sensor terminal of the circuit. 
This was connected 
The dish containing 
the ant-lion larva was placed between this sensor and the 
chassis. A fairly large container could thus be used in 
which the animal could easily build its pits. In these e.xperi-
ments a 60 cc . non-conducting plastic container was u:;Gd . 
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2.13 Tuning procedure 
The oscillator frequency was adjusted to approximately 
4.5 Mc/s by moving the core in the coil L 2. This frequency 
can be checked with a radio receiver if no other equipment is 
available. The sensor was connected to the circuit and tuned 
for resonance by adjusting the inductance of coil L 1 .. To do 
this the probe of a sensitive oscilloscope · was placed Close to 
. 
the sensor 1 but not in contact with it 1 and the ferrite core of 
coil L 1 was moved in and out until the maximum signal was 
obtained on the oscilloscope. The coil L 1 was then slightly 
detuned so that the signal detected by the oscilloscope was 
about seven-eighths of the maximum signal. The resonant 
circuit containing the coil L 3 was then tuned to a frequency 
differing slightly fro:n the oscillator frequency. This w as done 
by connecting a D. C. millivoltmeter across the detector output, 
between earth and point F (Fig. 1). The trimmer capacitor 
C ? was then tuned to the oscillator frequency which was in-
dicated by p, minimum reading on the millivoltmeter. The 
trimmer was then fractionally detuned so that the m illivoltmeter 
reading increased slightly. The position of the trimmer giving 
maximum sens-itivity for the circuit was determined by trial 
and error. 
-12-
]. FACTORS AFFECTING PIT CONSTRUC TION 
A number of different factors were found to affect the 
size of the pits c onstructed by myrmeleontid larvae. These 
factors were studied before the investigation into activity rhythms 
was undertaken. This was especially relevant in monitoring 
lunar rhythms as pit volume was the only criterion used, and 
the conditions under which the larvae built pits might · also be 
expected to affect the daily activity rhythm . 
Factors affecting pit construction include: 
(i) the size of the ant-lion larvae 
(ii) crowding of the larvae 
{iii) the amount of food obtained 
(iv) sand grain size 
(v) temper-ature 
(vi) disturbance of the pits. 
Experiments were performed to determine the affect of 
each of these factors on pit construction. 
] .1 THE SIZE OF THE ANT-LION LARVAE 
One of the most obvious factors which would be expected 
to affect pit construction, especially the size of the p its, is 
animal size. It would be expected that the la:.."'ger £J.n.t-Hons 
would construct bigger pits. The size of the sand _::;ita con-
structed by individual larvae, however , varied considerably 
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from day to day and large animals often constructed very 
small pits before moulting or pupating. 
The pits of 50 myrmeleontid larvae were measured in 
the field. The animals were then sifted out of the sand 
and their head -widths measured. The width of the head 
capsule was used as an indication of animal size. Body 
length was not used, since the bodies of these larvae are 
very extensible, and the measurement obtained w ould have 
depended on how much the animals were stretched during 
measurement. 
Pit volume and animal size have been correlated in 
_Fig. 2. This figure shows that there was some correlation 
between animal size and pit size, although this correlation 
was not as close as might be expected. This was due to 
the fact that a few very large animals built very sma.:l pits. 
V\lhen Spearman's Rank correlation test was applied to 
these data a correlation coefficient of 0. 71 was obtained. 
This indicated that there was a fairly high degree of 
correlation between animal size and p it size. This 1s, in 
fact, the result one would expect, and bears out the results 
of Haub 0942). Working on Myrmeleon imma.cula.tu.:; De 
Geer. Haub found that the size of the pit varied direc:ly with 
the size of the larva. H aub , however, used body weig·ht 
as his criterion of size rather than head width, and nis results 
might have been affected by the amount of food obtained by the 
larva before weighing. 
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Fig. 2 . The correlation between animal szze and 
pit size in a group of 50 Myrmeleon obscurus larvae. 
Animal size is expressed as width of the head c apsule. 
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The size of the larvae thus had a marked effect on 
pit construction, and to eliminate the effects of animal s1ze 
in the experiments on activity rhythms , random sam;;les 
were used. These r andom samples were withdrawn from 
a large population in which the head w idths ranged from 
0. 5 m m. to 1. 4 mm . 
3.2 CROWDING OF THE LARVAE 
The Slze of the pits constructed by Myrmeleon. obscurus 
larvae was found to depend, not only on the size of eac h 
individual, but also on the number of o ther ant-lions in the 
immediate vicinity. The more crowde d the animals were 
the smaller, and closer together, their pits tended to become, 
until a point was reached where competition between the 
larvae resulted in mortality. 
The effects of crowding were clearly demonstrc...ted in 
two different experiments. In the first experiment, groups 
of 10 Myrmeleon obscurus larvae were placed in the followir..;;; 
areas of sand: 2, 576 em • 2 , 1, 288 em . 2 , 644 em . 2 , 322 ern . 2 
2 
and 161 em. (400, 200, 100, 50, 25 s quare inches). .,..--, -.i:::Jac . .-1 
area was half the preceding one. In the second exp-2r~'ment, 
varying numbers of animals w e re placed in each of six identical 
containers. The groups consisted of 5, 10, 20, 30, 40 and 
2 50 ant-lions r e spectively, in an area of about 858 em. 032. 7 
square inches). In the first experiment the n.umber of animals 
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remained the same while the area available was decreased , 
while in the second experiment the area remained cor.stant 
while the number of animals increased. The pits constructed 
by the Myrmeleon obscurus larvae in each group W•2re measured 
daily and the mean pit volume calculated. 
distance between adjacent pits was also determined for each 
group. These distances were m easured from the ed,:ses of 
the pits concerned, and not from the centre s. :£1oth experiments 
were continued for a period of nine weeks. C omparison of 
the two experiments was based on the area of sand available 
per individual ant-lion. 
The mean pit volume for each group is shown in Fi;g . 3, 
and from this figure it can be seen that when the anl; - lions 
were crowded they constructed smaller pits. It c an be seen 
that the animals in experiment two consistently built smaller 
pits than those in experiment one. This difference was due 
to differences in temperature at the time of the experiments. 
The first experiment was conducted during January when 
0 
the temperature of the laboratory was a bout 18 C, v.rhile the 
second experiment was conducted in August when the tempera-
ture was only about 16° C. The differences betwet.::n the 
two experiments therefore had nothing to do with cro "N"d.ing. 
The important point is that both sets show the..~· the mean pft 
volume decreased with increased crowding. 
With increased crowding one would also expect tfl.e p:'ts 
to be closer together. This lS in fa ct the case as sho>N:J ·· 
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Fig. 3. The mean pit volume over a period o f nine 
weeks for various groups of Myrm e le on obscurus larva e 
under crowded conditions. The deg ree of crow.:ling is 
expressed as the area of sand available per ind i vidual . 
The results of two different exper:·ments are shown . 
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were placed in decreasing areas of sand . 
X X experiment 2 in which groups containing different 
numbers of ant-lions were placed in the same a:-ea of sand. 
For further details see text. 
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Fig. 4. It is, however, interesting to note that the number 
of deaths in the population also increased with increasing 
density. This is illustrated in Fig. 5, which shows the 
percentage mortality after nzne weeks in the various exper£-
mental groups. From this figure it can be seen that the 
percentage mortality increased very rapidly as the area of 
sand available per individual was decreased. Calculation 
of the percentage mortality in these experiments w~s not 
affected by pupation, since animals which pupated were 
counted as being alive at the end of the experimenta."l peri.od. 
The high death rate in the crowded groups was due to 
competition between the larvae. It was observed that when 
a large number of larvae were crowded into one dish, and 
their pits were close together, they often fell into each others 
pits. 
other . 
'When this occurred the larvae attacked and killed each 
The above experiments show that crowding the larvae 
of Myrmeleon obscurus had a marked effect on the size of 
the pits constructed by these larva(:. In all the experiments 
on activity rhythms, therefore, each larva was placed 
separately in a dish and thus the effect of crowding on pit 
size could be disregarded. Maintaining the larvae m 
separate dishes also eliminated competition. The dishes used 
for most of the activity experiments had a surface a.rea of 
1,102.5 cm.2 , and did not restrict the size of the pits con-
structed. Smaller dishes ' with an area of about 19.6 em .2 were 
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number of ant-lions were placed in the sc..:.'le area of sand. 
For further details see text. 
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used in the electronic activity recorder. These dishes may 
have restricted the size of the pits constructed but , • J. ' zn Lnese 
particular experiments, the time at which the activity took 
place was important and not the size of the pits. 
3.3 THE AMOUNT OF FOOD OBTAI1V ED 
It has been shown that the size of. the pits constructed 
by Myrmeleon obscurus larvae was dependent on the size of 
the larvae. An increased food supply would zncrease the 
rate of development of the larvae and hence the amount of 
food obtained might also be expected to affect the size of the 
pits. 
In the experiments · to investigate the effect of feeding 
frequency on pit size, six groups of 12 ant-lions were main-
tained at a constant temperature of 25. 5 ± JOC . They N"ere 
allowed seven days to acclimate to laboratory conditions , d uring 
which tim e each individual was fed one ant a day. 
the feeding frequency for each group was altered as ! ollo v.rs : 
group A, 2 ants a day; group B , 1 ant a day; r;roup C , 
1 ant every 3 days; group D, 1 ant every 7 days,· dro up E , 
1 ant every 14 days; group F, continued starvation. D aily 
readings of the pit size were taken for 50 days and the m e an 
pit volume calculated for each group . These res ults a :'e 
shown in Fig. 6. 
From Fig. 6 it is clear that in groups A, B a!'l(:J C, 
where the interval between feeds w a s thre e d ays o r less, 
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there was a slight overall increase zn the pit volum e .. , v7z:n 
the passage of time. In groups D, E, and F, L ' on ... ne 
other hand, where the feeding interval was more: than 
three days, there was a general decrease in pit volume. 
There were three possible sources of error in these 
experiments, pupation, mortality, and the increasing si~e of 
the larvae. In group A, for example, seven of the 12 
animals pupated. Pupation results in the removal. of the 
largest larvae from the population. It has already been 
shown (section 3.1) that the larger the larvae the larger 
the pits, therefore pupation could cause a drop ln the mean 
pit volume. In group A, however, the mean pit volume 
showed a slight increase during the experimental period c:.;:1d 
this seemed to indicate that pupation was a negligible s o urce 
of error in this group . In the remaining g roups, pupation 
showed a progressive decrease as the feedin;.:; frequency v-T&s 
reduced . Finally in group F only one animal pupa.t.:=d. 
The second possible source of error was mor;;ah"ty. 
In group F, which was starved com .. -;:)letely, there wa.c 50% 
mortality within 50 days. If s tarvation killed m c:...".:·.~j tne: larger 
larvae a drop in the mean pit volume would resuh. 
animals which died, however, were of various sizes 
appeared that no particular size group was any more o::- less 
resistant to starvation than the others. 
to be independent of size, this factor would not affect t ... "J:2: 
general shape of the graph. In the remaining groups no 
-24-
mortality was recorded. 
Finally, another complicating factor was ~i1::; incT"ea.se in. 
the size of the ant-lions during the experimental peY"ioo.". 
was noted that in the groups which were fed frequently ma.r.y 
animals pupated, while in the groups which were st~rved few 
animals pupated. This indicated, as could be expected, 
that a high feeding frequency increased the rate of dev·:=lc_"Jme:./.: 
of these animals. Since it has been shown that the p:t size 
is dependent on the size of the ant-lions, the increase in _;:,h 
szze at high feeding frequencies could be due to the g::.::n2ra.l 
increase In animal size. At low feeding frequencies, however, 
the pit volume decreased, although the ant-lions did J.. • • ' no~ snr:nx 
in size. 
In general these experiments sho wc:d that the:ce was ar. 
increase in pit volume when the feedin g frequency ;-7:-;.s ;1igi-:;, 
and a decrease in pit volume when the feeding frequency ~T:::.s 
low. This relationship is shown in Fig. 7 where .;:Je mea::: 
pit volume for each group is plotted against the feeding ir.te_-. . ..:..1. 
(Fig. 7 is based on the same data as Fig. 6). ?ig. 7 
shows that, as the interval between successive fec;ds "N;:;.:.: 
increased from 0. 5 to 7 days, the pit volume dropped ra~oidl;r. 
At feeding intervals of more than 7 days the decreas ::: "No.s far 
less rapid, and the pits appeared to be reaching a ni:::-:.im : ..un 
volume below which they were not reduced. 
Taking this into account, in all further experirr:. .:=nts 
activity rhythms the ant-lions were fed one ant a day. 
~ ..... 
v ... 
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larvae at various feeding frequencies . 
were kept at a constant temperature of 25.5 1:: JOC . 
For details of feeding frequencies see text. 
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value was chosen since it allowed growth and developmer:.t 
of the larvae without a marked mcrease in the rat·e of 
pupation. Animals which were fed more than one ant a 
day pupated very rapidly and could therefore not be used 
in long term experiments. If the animals were fed less 
than one ant a day the size of the pits was reduced . 
3. 1.;. SAND GRAIN SIZE 
In these experiments sand collected from the anir.:1als 
natural habitat was sifted through q. mechanical sifter to 
obtain the following grain sizes: greater than 599 ;; , c:;o::; " 
../ /-') 
353 f.J, 295 p , 211 f.J, 152 p 1 and less than 152 f.l· 12 ant-lien 
larvae were placed in each grade of sand, '•and the number 
and size of the pits constructed by each group was ~ecorded 
over a period of s1x days. 
In order to determine the percentage composii;io::: of 
sand from the natural habitat a known weight of sand wa.s 
sifted 1 the resulting fractions weighed 1 and expressed a....: a 
percentage of the total weight. The results of this ex~:)e:-z.rr..::::::.:: 
are expressed m Table I. 
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Table I 
Sand grain Composition of % of anim.:::.ls ."'..!.:..,.(ae~ .... uit 
size in ~ sand (% of buildin:; pies 1n Volu::-:;e 
total weight) . each grain ( -;> ) 
I 
lcm-'. 
s1ze. 
I 
·' 
! 599 5.63 62.33 
! 11.2 > I 
l 
500 3.57 18.16 I 1!.;. . 5 
I 
I 
353 19.78 88.1;.1-
-! 29.6 
295 11;..14- 88.4-1 38.2 
211 26.60 100. 00 35.0 
152 10.16 72.09 1/.:.. 0 
< 152 20.12 72.09 23.7 
From this table it can be seen that in sand grain sizes 
of more than 599 ~, and 500 ~, few pits were constrt.;cted by 
the ant-lion larvae, and the pits were of a small size 
(II. 2 em?, 14-. 5 em?) . It would s eem that such cca.rse sand 
is not suitable as a habitat and ant-lions are c e rtainly ne:ve:.." 
found in sands as coarse as this under natural conditicns. 
Firstly,it was noted that larvae below 8 mm. length made no 
pits at all in this coarse sand, proba bly because of .:. .... :::.-;2 
physical limitation imposed by the large size of the sa....Jd grc:.:.:r.s . 
Secondly, ants also escaped far more readily from pits co::~-
structed in. th.i.r: coarse sand than they did from p its co~:. :~·.:.~:.;c~.:..d 
in normal sand . It took F. custodiens ants 21-29 ;.; c...; ~..;. 
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{mean 25 sees.) to escape ·from a pit with a diam eter of 
17 mm. and a depth of 45 mm. constructed in sand .. , Tl',r:r;n. a 
grain size of greater than 599 ~-'' while it took them 5 3 -64 
sees. (mean 60 sees. ) to escape from a pit of the s ame 
size constructed in sand with a grain size of 211 IJ· In each 
case the times quoted were based on ten trials. 
In the experiments on activity rhythms sand fro m 
natural habitat was used . It is significant that 21{ t.J ·;q<::.s th e 
most abundant grain size in sand from the n atural h.a.bita.t 
and that 100% of the animals constructed large pits in ·ch:·s 
sand (Table I) . A quantity of sand was collected ! ;:··om 
the habitat at the start of this investigation and the s a m e sand 
w as used throughout. This ensured that the compositio ::; 
remained constant and did not affect the circadian or luna.r 
rhythms in these insects . 
3.5 TEMPERATURE 
Temperature also had a very marked effect or.: the size 
of the pits constructed by Myrmeleon obs curus larvae . T""N·-::J 
groups of 12 animals were kept at 25.5 t PC for se v .::=n dc::]s, 
and the reafter the temperature wa.s raised or lowe r E:d oy 
l-2°C/day until pit construction ceased. Fig. 8 she -vvs ~i:a.~ 
0 0 
pit construction ceased below 11 C and abo ve 42 C . This 
is a considerably greater temperature r a n ge than the...; fcur:.d 
by Haub (1942) for Myrm e le on imm a culatus. 
that the larvae of this species only construc~ed p its C.e: / v'=-.::."1 
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during pit construction (closed circles) at variou s te:n;?-
eratures. For further details see text. 
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0 0 
20 C and 28 C. Below this temperature range be lound 
that the pits were small or nonexistent, while above this 
temperature migration or death occurred . 
The temperature relations of Myrmeleon immacd :::t:.s 
have also been studied by Green 0955). He observe d 
the activity of the ant-lions in the field at various tempe ra-
tures, which were measured 1 mm. below the base ol the 
pit. Green states that the ant-lions became active at aaod 
2°C, and their optimal range was between 16°C and ] L.;.°C. 
0 
Activity finally ceased at about 48 C. The results o btc:..f.""led 
by Green thus differ considerably from those obtained by 
Haub 0942). This difference is due to the different 
criteria used by the two workers to assess the activit y of 
the ant-lions. Haub studied pit building, while Green co.z:-
sidered the ant-lion to be active if "its mandibles werv 
exposed at the base of the pit, 11 or if it reacted to sar.d [:,'r.:::. f.ns 
and prey falling into the pit. 
In the experiments on Myrmeleon obscurus pit bui!cin0· 7/'TG:.S 
the criterion used to study activity rhythms and therefore 
only the critical temperatures for pit construction were 
determined. It was, however, noted that the upper c.nd 
lower critical temperalures for pit construction did not c .=.use 
the death of any animals even after two days exposure. 
+ 0 
When the temperature was returned to 25.5 - 1 C .. aic0:r 
exposure to these temperature extremes, all the animals 
constructed normal pits. 
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Fig. 8 also shows that the optimal temperature lor pit 
0 
construction was in the region of 35 C. · The exact value 
0 
zs uncertain due to the dip in the graph bet ween 25 C a.r:.d 
This dip in the graph is thought to be rel&ted to 
the lunar cycle which will be dealt with in a later section 
of this work. 
Ant-lion larvae construct their pits by flicking away 
the sand with their heads and, as might be expected, temp-
erature also had an effect on the rate at which sand was 
flicked out of the pits during construction. The number of 
flicks per minute was recorded for five animals in each group 
at the various temperatures c;.nd the mean rate of flicking was 
closely correlated with pit size, as shown in Fig. 8. 
In the experiments shown in Fig . 8 the temperature 
for each particular day was plotted, but it could also be 
expected that the previous thermal history would be impor tant. 
The pi.ts of a field population of ant-lions, consisSn:,' of 
about 50 animals, were measured on the day of every fi:~st 
and last lunar quarter over a period of a year. Only pi~ 
measurements on the first and last lunar quarter we.<:."e used 
since, as will be shown later, the moon is important in 
determining the size of the pits constructed by lviyrrrr2leon 
obscurus larvae and at first and last lunar quarters t.L"'-J.e 
pits are intermediate in volume. By using only these 
results the influence of the moon could be discount<:::d in 
experiment . Temperature summations for each of the 1 to JL;.. 
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days preceding the first and last quarters were then calcula.ted, 
the temperature being exp:('essed as hour degrees cen~igrac!e 
0 
above 10 C. (The base line of 10° C was chosen sir1cc be1ovT 
this temperature no pits were constructed). 
The pit volume for each first and last lunar qua.rter w a.s 
plotted against the temperature summation for the pre.::;ed:·ng day 
and the results are shown in Fig. 9. From this ii~ure i~ 
can be seen that there was no correlation between the pit 
volume and the temperature summation. A similar lack of 
correlation was found when the temperature summations for> 
the preceding two days were used. Thereafter the 
correlation gradually increased until, w ith temperature s;.z:nma-
tions for seven days before first and last quarters, a ve:::-y 
close correlation with pit volume was achieved, a s sho/'.Tn in 
Fig. 10. The correlation showed a progressive decr·easc 
with temperature summations for longer periods of tim~. 
Fig. 10 shows that, in a field population of ant-lions , 
the pit volume increased as the temperature summation for 
the preceding seven days increased. This increase in 
volume tended to tail off at very high, and very low, tem;:;er a -
tures. 
These field results have been confirmed in the l.:::.bo:catory. 
A group of 24 ant-lions was maintained at a constan~ 
temperature of 14 i l°C for seven days. At the e]'jd of 
time the mean pit volume for the group was recorde d a::d tl:.:.:: 
temperature summation (hour degrees above l0°C) for the 
-33-
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seven days calculated. The animals were then returned 
to the laboratory, where the temperature was 18 ± 3° C 
for eight days. This procedure was repeated with constant 
A.fter each exposure in the constant temperature room 
experimental ant-lions were returned to the laborato:.."'y for 
eight days to eliminate any effects of the previous thermal 
treatment. The mean pit volume at the various t~m_;:>er<=<tures 
was plotted against the temperature summations for th e 
previous seven days, and the results are shown in F i;t. 11. 
No readings were taken over full or new moon and i:hese 
results can therefore be compared with the field results 
which were illustrated in Fig. 10. Fig. 11 shows tha~ the 
pit volume increased most rapidly between 500 and 1, 500 
hour degrees, while above and below this range the pit 
volume increased very little with rising temperature. 
Both the field and laboratory experiments on the effects 
of temperature on pit construction showed that the pii:s in-
creased in szze with increasing temperature. The ant- lions 
were also affected by the temperatures experienced dur:'."18 t£:.. 2 
preceding seven days. In view of these results all the ant-
lions used in the experiments on activity rhythms w<::: re ke;:;t ~·n 
the laboratory for seven days before being used to stc:.::.da:..~d:z-2 
the effects of their previous thermal history. The la.bora..or y 
was also maintained at a temperature sufficier:.tl7 high to c.];o-;.-:r 
the construction of large pits. 
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3.6 DISTURBANCE OF THE PITS 
In the experiments on activity rhythms the pits of tile ant -
lion larvae had to b~ destroyed before daily pit constru ctio:: could 
be observed . Pits which were not disturbed te nded to collapse 
and become irregular in shape, thus giving rise to inaccurate 
readings. In the electronic circuit recordings the pits also had 
to be destroyed each day in order to clean away sand from the 
sensor. It was thus essential to investigate the effects of 
pit destruction on pit size. 
In an initial experiment a group of 96 Myrm eleon obzcu.rus 
larvae was kept in the laboratory under normal dayli.;ht conditions 
+ 0 
and a temperature of 18 - 3 C . These animals were each fed 
one ant a day at times which were randomly determined. For 
the first 70 days of the experiment the pits were left com.._-:Jlete:l7 
undisturbed. The pits were then disturbed each d a-7 c:.ft.ar 
feeding for the following 22 days. The results of tiJ.Is 
experiment are shown in Fig. 12 and from this figure ~;; 
seen that the destruction of the pits on d ay 70 caused a..n 
C .- .... C.•• 
immediate drop in pit volume. The pit volume of the gz'oup 
remained at this low level until the end of the experiment. 
The effect of pit .destruction on pit size was furtl:..ar 
clarified in an experiment in which two groups of 12 ant-lio::1s 
were used. In the control group the pits were leli: :..zn-
disturbed so that the larvae did not need to construct a n.:::-vr 
pit each day, while in the test group the pits were dest:.."oyed 
each day after feeding. Measurements of the pit sizes in 
be 
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DAYS 
Fig. 12. The effect of pit destruction on the mean 
pit volume of a group of 96 Myrmeleon obscu:..~us 
larvae. The pits were left undisturbed until da.y 70. 
Thereafter the pits were disturbed each day a.ite:::-
feeding. The ant-lions were kept in the labo:..~c:.tory 
+ 0 
at a temperature of 18 - 3 C and each fed o.r..e ant 
a day. 
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both groups were· taken over a period of eight days. 
The pit sizes in these two groups of ant-lions varied from 
0. 5 em 3 . to 82 cm3. and this range 
"') 
was divided into 5 em--' 
class intervals. The number of pits in each class inte rval 
was determined for both the control (undisturbed) and the 
test (disturbed) groups, and these numbers were expressed 
as a percentage of the total number of pits constructed by 
the respective groups. For example, in the con~rol group 
it was found that there were 23 pits in the 21-25 cm3 . class 
interval, and this was 17.25% of the p its constructed b7 the 
group during the eight days. The res ults o btai:.ed froL'l this 
experiment are shown in Fig. 13. From this figure it is 
clear that in the disturbed group there was a far higher _:::;.e:r-
centage of pits in the smaller size ranges than W3.S th\.:: case 
in the undisturbed control g:r<oup. In the disturbed gro:.Ip 
36% of the pits were in the 1-5 cm3. class interval, while: 
in the undisturbed group only 2. 6% of the pits were as small 
as this . 
These experiments established that daily destruction of 
the pits greatly reduced the pit size. In the exper~·m.c:nts on 
activity rhythms, however, it was necessary to des-::roy the 
pits each day. Destruction of the pits in all experir.'lents ';rTJ.S 
thus carried out immediately after f e eding each day (feuC:.i."~' 
times were randomly determined) and th e amount of di::;tu.rbance 
in all experiments was therefore the same. 
At this point it seems necessary to summarize briefly the 
u. 
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Fig. 13. The frequency of various pit szzes i:::2 ~':rTO 
groups of 12 Myrmeleon obscurus larvae. TJ.~c pies o! 
the control group were left undisturbed, 
the pits of the test group o----o were disturbed e:aci: 
day after feeding for eight days. The range of pi:; 
volumes recorded zn both groups was divided in:o 5 cr..'l~ 
class intervals. For both the control and the ted; 
groups the number of pits in each 5 em~ class i::::.te:::-·.r3.1 
was express.ed as a percentage of the total nt,;m be::- of 
pits constructed during the eight day period. 
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effects of various factors on pit construction and the ir.Jlu.ence 
that this had on the design of the activity rhythm experiments. 
(i) It was shown that pit szze was dependent on 
the size of the Mzrmeleon obsct:.rus larvae and 
random samples of ant-lions were used in 
activity experiments. 
(ii) Crowding the ant-lion larvae led to a de. crease 
in pit size and an increase in mortality d ue to 
competition. The effects of crowding were 
avoided by keeping all the larvae in se;:;arate 
dishes. 
(iii) Each ant-lion larva was fed one ant a day sincl": 
this allowed growth and development withou.': 
markedly increasing the rate of pupation . 
Feeding times were randomly determined . 
(iv) Sand grain size had a marked effect on p h 
construction and in all the activity experimed:s 
the animals were kept in sand from the natural 
habitat. The composition of this sand was }(no v.r:J 
and it proved to be a suitable habitat since all 
the ant-lions constructed large pits. 
( v) The ant-lions in the activity experiments wore kept 
at a constant temperature since it had b..:::en s .1-:.o w:: 
that the pit volume was greatly affected b7 tempe::..~a-
ture. No pits were constructed at all when ':he 
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temperature was very high or very low. 
(vi) Pit destruction reduced the size of the p:·-:s b:.;t 
this effect was standardized by destroyin[:.' all 
the pits each day immediately after feeding. 
With these considerations in mind the circadian and luna:..~ 
pit building activity rhythms in Myrmeleon obsc-;;. .. "; ·.:; .""na.y be 
discl.Bsed. 
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4-. D~4ILY ACTIVITY R.HYTH.J.'vJS 
4-.1 THE EXISTENCE OF DAILY RHYT ... J-JJ.1S 
Preliminary observations indicated that the larvae of 
Myrmeleon obscurus tended to build their pits only in the 
late afternoon and evening, and a number of experiments 
were performed to test this. A population of ant.o..lions was 
maintained in the laboratory, where they were subjected to 
normal daylight fluctuations. The temperature of the laboratory 
+ 0 
was kept at 16 - 3 C. An animal from this laboratory pop-
ulation was placed in the capacity sensing apparatus, and its 
activity recorded for two months, after which time it pupc:.ted. 
The ant-lion was fed one ant each day at a time which ·was 
determined randomly, and after feeding the pit was destroy.'=d . 
The first 30 days of this activity record are shown dic:..;;:..~.::..mm-
atically in Fig. 14- . The remainder of the activity record has 
been omitted since the activity continued as before du:..~ing th:'s 
time. In Fig. 14- the records for succeeding days ar2 
placed one below the other, activity being representrcd by 
the dark blocks. The height of the blocks is proportional 
to the height of the deflections on the original trace . 
From this activity record (Fig. 14-) it is clear '' ..,.. ,.. .. -~-v4.LC..'-
ant-lion was mostly active at about 7 p . m. The e.;:act ~ime 
of activity varied slightly from day to day, as did the amount 
Fig .. The activity record of a ]._; ~-~·:;.-;.3leon Ci .. !)S. c ~ -~~-: 
------
14-. 
larva under natural daylight conditions. 
each day are placed one below the other and ac!:iv::::;r is 
represented by the dark blocks. The Jwi.r;h~· o.c e3.c.'1 
block is proportional to the deflection r<.:::corded o .-:1 the 
original trace. The tim...::s of feeding and pit dest-~-;,:,cdcr.:. 
are indicated by arrows. 
/ 
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of activity observed. Apart from the main activity peak c..t 
dusk smaller peaks were sometimes recorded within an hour 
or two of feeding. Activity at these times was generc....lly 
low and did not involve the construction of a com?lete pit, 
such construction only occurring at the normal time (? p . m:). 
Exceptions to this were noted on days 7 and 21 whE:n feeding 
took place at 9 p.m. and. 8.15 p.m. respectively, that is 
shortly after the normal activity time. In these iJ?stances 
two separate pits were constructed by the larva, one at 
the normal time and a second one after fe~ding. 
This experiment was repeated with five different 
.individuals, and in all cases each individual was found to 
show definite activity peaks at dusk. The time of activity 
for each individual varied slightly, and this variation was 
shown in an experiment in which a different Myrmeleon 
obscurus larva was placed in the activity recorder each day. 
12 different individuals were used and these activity records 
are shown in Fig. 15. From this figure it is clear that c..ll_ 
the animals showed an activity peak between 5 p.m. and 8 p .m. 
As in the previous experiment some sli;sht activity was often 
observed shortly after feeding, although the main activity peak 
occurred at dusk. 
The daily pit building activity rhythm was also demor.st:rated 
by direct observation. A group of 96 .J."VJ rrmeleon obsc~·:rus 
larvae was kept in the laboratory under natural daylight condi;ions, 
and the pit building activity of these animals observed every 15 
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of which is proportional to the deflections on the ol~:,:;:':-:: ....:.1 
trace. The times of feeding ar0 indic<..ted by c;u~ro "ATS . 
-47-
minutes for 24 hours . In order to assess the acti-vity 
of these ant-lions various stages in the pit building activity 
had to be recognised. A numbe r of workers such as 
Haub 0942), and Wheeler 0930) have described the pit 
building activity of myrmeleontid larvae, but have not divided 
. this activity into its various stages. These stages m 
Myrmeleon obscurus are as follows. 
First the animal comes to the surface of the sand 
. 
(Fig. 160)), where it often excavates a very small pit by 
remaining in one place and flicking the sand away from 
self with its head (Fig. 16(2)). These two stages to;;.:::::i:er 
are generally completed within 4-5 minutes, but th.e a.nt- lior. 
may remain in either of these stages for a numbe r oi ho :;.:..~s. 
If the pit zs destroyed in the early morning the anim a.l 
generally remains zn one of these two stat;es until dusk . -vTrJ.cn 
actual pit construction takes place. If the pit is destroyed 
m the late afternoon the ant-lion may proceed direcr:ly to stage 
3 . Fig. 16 (3) shows the third activity stage in which the 
ant-lion crawls haphazardly round the dish flicking the sa.::1d 
away as it goes, thus lea ving a shallow furrow to ma;:ok i-;s 
prQ-gress. Having era wled around • L~ ' & zn c. ... t.Is manner ... or some 
time (from a few minutes to several hours), the animal be,gir.s 
to move in a circle spiralling inwards, as shown in Fi;;. 15(4). 
This indicates the beginning of actual pit constructior.. anc -
l ion then spirals inwards, increasing the depth of the furrow 0.s 
it goes and , as the furrow ;ncreases in depth, a central cone 
Approxi- surface 
male time V!C:W 
taken 
1 min. 
3 mins. 
5 mins·. 
to 3 hours 
3-10 mins . 
5-10 mins. 
5-10 mins. 
bursts of 
0 
0 
-J.tt3-
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Vl8W 
.I I ::~Er~~~n::,_~..l ________ 1~~':..:.=i . .:.;~:.:.J.:.l~:.:=i~.!.=~-~:l-~ 
may continue 
for m any hours 
..1-'1. very small pit 1'2-D. .. : b.:::c::: ::::::cc:.va. -
tc:d by the a~'li.tj,J&.l wl1f.::J.~ .:-'2!:':~:·.~.""1\.:·d 
stationary and flicked ;:;.;,.;-,";.y th<::- Da.nd 
Tr.J"ith its }wad. 
st~.;te 3 -I 
The li..J.Z'Va crar:rTls hapL .J..:,- rG"ly :r·ounc! 
th0 container lecving s"-:na!J furrov-v-s. 
Tho direction o/ movement iJ in -
dicated by arrows. 
T;·~ .:.a.z .... v·a D~[;lns to mo 1,- ,:;.· :.:-1 
circle which has a di.:.r::'..;l:..:r 
slightly Sl.tleJ.l.l~r t]J.a.n the (ii...J.~ne~s:::­
of the complete pit. 
Stage ,;;, 
Tile pit is half complet0::d .-:1d co::l -
sists o{ a sme:.,J1 cr~ntr·::..l ·8cne; of 
sand surr·ounded by a deep ~·urro·w. 
The completed p~·t. 
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Fig. 16. The various stages w the oon.stJ:•uct'ion ~ 0.[ r• ,,.. ... v ..... 
Myrmeleon obscurus l;:;.rva. The ap~roxi.;.~Jnte ti.tJJes ·:_.'-ct:n ::o.1~ 
each stage are indicc.ted. The tim~~s vc- :.,..y consideJ:'"-.jiy 
depending on the size of the pit bcin~; conr.. .. ructed. 
details see text. 
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of sand is left which is gradually undermined and flicked out 
of the pit (Fig. 16 (5)) . At tnis stage the pit is half 
complete. Finally the last of the central cone of sand is 
removed and. the pit is complete (Fig. 16 (6)). The time 
taken for the completion of stages 4, 5 and 6 depenc!.s largely 
on the size of the pit being constructed . Occasionally the 
pit may be further enlarged, as in Fig . 16 (7), by the c.nimal 
remaining at the bottom of the pit and continuing to flick out 
sand. These were the various s tages observed in pit 
construction by Myrmeleon obscurus larvae . 
In observing the activity of the group of 96 ant-lions, 
each change from one stage of pit construction to another was 
scored as one point. Often the ant-lions passed thro".1,6h 
several stages during the 15 minute observations, a :::-1 d =hey 
were scored one point for each level passed. For e.{:amp!e, 
if at 8. 30 a.m. th ere were 5 animals in stage 1 (score 5), 
and 1 animal in stage 2 (score 2), the total activity for ::L.=: 
group was recorded as 7. At 8. 45 a.m. the score mii,'h.t 
be as follows: 2 animals in stage 1 (score 2), 5 animds i ."l 
stage 3 (score 15) , tota l 17. The difference betw•2en these 
two totals gives a measure of the activity which has taken 
place during the 15 minutes between 8. 30 a . m. and a. !..;.5 a.m. 
During the hours of darkness some light was obviously 
necessary in order for the activity to be observed .31.:10 a ?ery 
dim red light was used for this purpose. The an-c-lions 
appeared to be ins;:;nsitive to this red light since, while 
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switching on a normal light temporD.rily stopped pit con-
struction, switching on the red light had no such disturbing 
effect. In fact, the animals did not appear to react in any 
way to the red light. 
This experiment was repeated with four grou;;s of 96 · 
animals and the average activity for each hour of the day is 
show-n in Fig. 17. This figure shows that maximu:::-1 activity 
took place between 6 p.m. and 8 p.m. Thereafter the level 
of activity remained fairly high until 1 a.m., alter w hich z"t 
decreased to its lowest point from about 8 a.m. to 11 a.m. 
As in the actograph experiments it should be noted that even 
though the pits were destroyed early zn the morning very lit:tle 
pit construction took place until dusk. Most of the ac1:ivity 
observed during the day was confined to the animals coming 
to the surfac~ (stage 1 of pit construction). These experi-
ments therefore, confirmed the results obtained from the 
capacity sensitive circuit, and showed that ant-lions had a 
daily rhythm of pit building activity. 
In addition it was shown that ant-lions W<:)re more likely 
to accept prey during their period of maximum pit bu~'idiTJ<] 
activity. A group of 24 ant-lions was mainta~·ned ' ' ' c..:: a :~o::s;a::: 
temperature of 25.5 ± 1°C. These animals vTere f2d as oRen 
as they would accept food, or at least once every bc".lr be-.-,.;r:~e:-1 
9 a . m . and 11 p. m . This wc..s continued for 48 days and t.~e 
average number of ants eaten by the croup during each hour 
from 9 a.m. to 11 p.m. was calculated. The results ar.::: show::1 
-51-
24 ~ 
22 
20~ 
18 ~ 
...... 
til 
..... 
s:: 16 
:J 
>. 
.... 
~ 14 
.... 
..... 
.a 
.... 
Ill 12 
>-
1- 10 
> 
1-
u 
<t 8 
6 
4 
2 
0 
8a.m. 12 4p.m. 8 12 4a. m. 8 
TIME OF DAY 
Fig. 17. The average activity of four e;.:'oups of 
96 Myrmeleon obscurus larvc:..~ observed over a 
period of 24 hours . The larvae v-.rcre kept in 
the laboratory under natural day-nig n t conditions and 
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a temperat'L<re of 18 - 3 C. T h e activity was 
estimated as P.escribed in the text. 
-52-
m Fig. 18. From this figure it zs obvious ~hat the maximal 
feeding activity occurred during the period 7 p.m. to 11 p .m. 
Thus the time of maximal feeding Td&s correlated wi~h the 
increase in general pit building activity. At this time of day 
the ant-lions were also observed to destroy their ow:-:z p:ts. · 
They did this by spiralling upwards round the sides of tf:.e 
pit causing the sand to slide into the pit. Having destroyed 
the pits they then reconstructed them. This behaviour 7/Tas 
not observed at a-:-zy other time of the day. 
It has thus been shown that at dusk ant-lion lCJ.rvc..e 
showed a general increase in activity which involved an increase 
in the construction and destruction of pits as well as an 
increase in feeding activity. While the experiments described 
above have shown the existence of an activity rhythm J tf:.ey 
have not given any indication as to whether it is purely a 
direct respons(; to some environmental factor, such as the 
light-dark transition, or whether it is an endogenous r.=:.y:hm, 
such as has been described in a number of other insacts . 
In order to assess whether the rhythm was endogeno;.;.s or 
due to some environmental factor, a study of the effect cr 
constant conditions on daily rhythms was necessary. It is 
generally agreed in the literature (Roberts, 1960; Sollbe:..""'ger, 
1965) that the persistence of daily rhythms under constan~ 
laboratory conditions is evidence for their endogenous nature. 
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4.2 THE DAILY ACTIVITY RHYTHM U~VDER 
CONSTA1VT CONDITIONS . 
Both constant light and constant dark conditions were 
used. The temperature in the laboratory was main!:a.in;:::d at 
0 
16 -t 3 c . The departmental constant temperature :L"ooms 
could not be used since the actograph circuit proved to oe 
sen sitive to the vibrations and switching of the compressors. 
I n all these e x per iments the normal activity rhythms' of the 
Myrmeleon obscurus larvae were determined under fluctu<:£r.g 
conditions for a few days before the animals we.i..~e plac.-:d in 
con stant conditions . It should be emphasised that only 1-3 
r eplicates of each experiment were possible since each 
e xper iment lasted for at least 30 days and only one electronic 
circuit was available . 
4 . 21 Constant dark 
The first experiment was conducted under condidon.s of 
c onstant dark . These conditions were achieved by plc:..:::;:·n:; 
the circuit in a light proof box . This box, containing a 
piece of unexposed photographic film, was tested for ligl:.~ 
leaks by exposure to the sun for 30 minutes. Alter this time 
the photographic film was r emoved in the dark and de vcloped. 
It showed no evidence of any. exposure to li.'"'·ht, and :;}:r= oox 
was presumed to be completely light proof. This box :r.Tc..s 
only opened during the hours of darkness when the animals /'Tcre 
fed. Some light was necessary for this operation so a very 
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dim red light was used. 
Three different individuals were tested in the constant dark. 
The activity record obtained from one of these a nimals is sho w ?J. 
in Fig. 19, where the activity traces for each day have been 
placed one below the other. The record shows that the 
activity was slightly reduced for the first few days after the 
onset of darkness, although it still occurred at the normal tim.a . 
Thereafter there was a tendency for the activity to <;:>ccur later 
each day until day 37, after which time the rhythm was lost, 
small amounts of activity occurring at all hours of the day. 
In this individual the daily activity rhythm continued for 35 days 
in constant dark, and under these conditions bad a period of 
slightly more than 2 1;. hours. During the 35 days in darkness 
the rhythm shifted by about three hours and this repr.:::sents an 
average shift of almost five minutes a day . The fre2 - rt:.nning 
period in constant dark would thus appear to be about 21;. hours 
5 minutes. 
The remaining two individuals which .were teste d in constant 
dark both pupated within four weeks. During the time t.~e7 
were m darkness their rhythms showed no tendency to fade 
and, as in the first individual, it seemed likely that tbe£r ri:ythms 
would continue for at least 35 days in constant dark. The 
free -running period was calculated for both individuals o?J. the 
data available . The free -running rhythms bad period of 24 
hours 17 minutes and 21;. hours 2 minutes respectively. .Ln 
the ant -lions tested in constant dark therefore the activrity occurred 
later and later each day, but the exact length of the L Y::e-::-urmin.;r 
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therea.lter it was in constant da:~k. The ant- Jio r. ~N::..s 
fed one <..nt a day at times which were rando::-;ly 
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period varied from individual to individual. 
4. 22 Constant light 
Experiments were also conducted under conditions of 
constant light (approximately 1,500 lux). Two different 
individuals were tested. One of these pupated within a week 
and the results were thus discarded. The activity record 
obtained ' from the second Myrmeleon obscurus larva is sho.wn 
in Fig. 20. For the first four days under constant light the 
activity peak still occurred during the early evening but the 
rhythm was not nearly as precise as normal. After this 
time the rhythm showed a general tendency to occur earlier 
each day. This trend was still obvious whe n the experiment 
was concluded on day 30 (due to the pupation of the ant-lion). 
After 25 days in constant light the rhythm occurred about 
seven hours earlier than normal, and this represents a daily 
shift of about 16 minutes. The free -running rhythm under 
constant light of 1, 500 lux would thus appear to be about 23 
hours 44 minutes. 
4. 23 Synchronization of the rhythm 
These experiments have shown that Myrmeleon obscurus 
larvae have a daily rhythm of pit building activity, the free-
running period of which increases in constant dark and 
decreases in constant light. Since this rhythm deviates from 
24 hours under constant conditions there must be some factor 
which, under normal fluctuating conditions, sets the rhythm to 
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exactly 24- hours. Light-dark changes are generally 
regarded as being the most universal phase setting factors, 
or Zeitgebers, and it is likely that this applies to rhythms in 
Myrmeleon obscurus. 
If the activity rhythm is being set by light then reversal 
of the light-dark cycle should reverse the activity r hythm. 
In order to test this, an animal was placed in a reversed 
light-dark cycle in which the onset of darkness begp.n at 
10 a.m. and the onset of light at 8 p.m. After eight days 
under this reversed light regime the ant-lion was placed m 
constant darkness and its activity recorded for a further eight 
days. The results of this experiment are shown in Fig. 21 . 
During the first four days of the experiment the ant-lion was 
subjected to normal fluctuating light con<!itions, in which the 
onset of darkness was at about 6 p.m. Under these con-
ditions the larva was always active _just after the onset of 
darkness. On day five the light regime was altered so that 
darkness began at about 10 a.m . when the daily activity rhythm 
shifted, so that activity still occurred shortly after the onset of 
the dark period. The rhythm shifted immediately and no 
transients were obvious. li\lhen the animal was placed in 
constant dark, having been under a reversed light cycle for 
eight days, the rhythm was. lost completely, activity occurring 
at all hours of the day. 
From this experiment it was concluded that light changes 
were capable of rapidly resetting the phase of the daily rhythm, 
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Fig. 21. The daily· activity of a Nfyrmeleon cbscurus 
larva under normal and reversed light regimes follow<:::a-
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but this new rhythm was not maintained under constant con-
ditions. It might, however, be maintained if the reversed 
light cycle was continued for a longer period of time. 
· In the absence of light changes it has been found that 
other factors, such as regular times of feeding and pit destruc-
tion, may act as synchronizing factors. This was illustrated 
in an experil'11ent in which a Myrmeleon obscurus larva was 
placed in constant light of 1, 500 lux but 1 instead of ,being fe·d 
at randomly deteriTJined times as in all previous experiments 
it was always fed at exactly the same time of day. During the 
first 15 days of the experimental period the animal was always 
fed at exactly 7.45 p.m. as indicated by the arrow a.t the top 
of Fig. 22. Although the ant-lion was in · constant light it did 
not show a free-running rhythm as was the case in other 
experiments in which the feeding time was randomised. 
Instead the rhythm maintained a 24 hour periodicity with the 
activity peak occurring shortly after feeding time each day. 
"When the feeding time was altered to 11 a.m. on day 16 
(indicated by the arrow in Fig. 22) the activity peak immediately 
shifted. The activity now occurred shortly after the animal 
had been fed. As in the experiments in which the ligh t cycle 
was reversed, no transients were observed. 
The change in activity t[m e, which took place when the 
feeding time was altered, might have represented a direct 
response to feeding and pit destruction rather than actual 
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Fig. 22. The daily activity of a Myrmeleon o b.:; c ur u s 
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resetting of the endogenous rhythm. This, however, seemed 
unlikely since in earlier experiments (section 1.;..1) it was shown 
that, when the pits of ant-lions under normal fluctuating conditions 
were destroyed in the morning, new pits were not constructed 
until the usual activity time at dusk. In order to clarify this 
point two further experiments were performed. 
In the first experiment a Myrmeleon obscurus larva was 
placed in the capacity sensitive circuit and its activ1:ty recorded 
for five days under normal fluctuating conditions. The animal 
was then placed in constant light of 1, 500 lux and its activity 
recorded for a further 25 days . The ant-lion was fed at 
exactly 12.15 p . m. each day, until day 25, after which the 
feeding times were randomly determined. Fig. 23 shows the 
results of this experiment . During the first four days under 
fluctuating light conditions the ant-lion always showed its 
main activity peak at about 6 p.m. although it was fed at 
12.15 p.m. Some slight activity was recorded after feeding 
but this did not involve the construction of a complete pit. 
'When placed in constant light, however, considerably more 
activity took place after feeding, and included the construction 
of complete pits. Large peaks of activity were also observed 
at other times of the day but no relationship could be found 
between these peaks and the experimental conditions. From 
day 26 onwards the feeding time was randomly determined. 
If the previously constant feeding time had reset the endogenous 
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Fig. 23. The daily activity of a Myrmeleon o oscurus 
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rhythm it might be expected that this rhythm would continue 
when the feeding time was randomized. This, however, did 
not occur. Instead the main activity peak occurred immediately 
after feeding each day. This experiment indicated that a 
set time of feeding cannot reset the endogenous rhythm in 
the absence of light changes. 
In the second experiment the ant-lion was fed every 15 
hours instead of being fed at the same time each d~y. The 
activity of this animal was recorded for four days in normal 
fluctuating light conditions and then for a further 22 days in 
constant light of about 1, 500 lux. The results illustrated in 
Fig. 24- show that for the first 19 days of the experiment the 
main activity peak always occurred in the early evening, 
regardless of the time at which the ant-lion was fed. The 
endogenous rhythm thus continued under these conditions 
although some slight activity was observed after feedin.;; time 
each day. After day 20 the endogenous rhythm appeared to 
be lost and the ant-lion became active immediately afte r feeding. 
Thus by feeding the ant-lion every 15 hours it was induced to 
show a 15 hour periodicity. This activity rhythm, however, 
was purely a direct response to feeding, and only became 
apparent when the normal endogenous 24- hour rhythm was los t . 
The evidence pi'esented thus far indicates that Myrmeleon. 
obscurus larvae have an endogenous daily rhythm of pit building 
activity. The daily rhythm continued for 35 days in constant 
dark and showed a free-running period of between 2 4- hours 
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Fig. 21.;.. The daily activity of a J:-1yrmeleon obscl.1rus 
larva under fluctuating and constant li'ght conditions v-Then 
fed every 15 hours . The animal v-Tas subjected to normal 
daylight conditions for the first four days, and constant 
light was begun at feeding time on day four. The li:;ht 
was approximately 1,500 lux . The time s of f eedin,:_: a:r.:: 
indicated by arrows. 
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2 minutes and 24 hours 17 minutes. In constant light of 
about 1, 500 lux the rhythm continued for at least 25 days 
with a free-running period of 23 hours 44 minutes. This 
endogenous rhythm was rapidly altered by reversal of the 
light cycle, but it was not reset by changes in the time of 
feeding. 
4.3 EXPERIMENTS TO DETERMINE THE LOCATION 
OF THE 11CLOCK 11 CONTROLLING THE DAILY 
ACTIVITY RHYTHMS 
The design of experiments to locate the "clock" con-
trolling the ·endogenous daily rhythms of Myrmeleon obscurus 
larvae must rest heavily on the findings of other workers m 
different insects. Much of our knowledge of the timing 
devices or "clocks" controlling insect diurnal rhythms is due 
to the work of Harker 0956, 1960, 1961) . Working on the 
cockroach Periplaneta americana L. she established that the 
control of the diurnal rhythm was hormonal. She demonstrated 
this by using the technique of parabiosis. The site of the 
hormone was found to be the sub-oesophageal ganglion and 
this was borne out by experiments in which ganglia were 
transplanted from one cockroach to another. In addition to 
this technique of transplanting ganglia, Harker also demon-
strated the existance of the 11clock 11 by chilling the sub-
oesophageal ganglion in situ. Provided that the ganglion was 
transplanted to an arrhythmic animal immediately after chilling·, 
the clock was stopped. If, on the other hand, the ganglion 
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was left in position chilling had no effect on the rhythm. 
This suggested that, in the intact animal, something else 
was maintaining the rhythm during the chilling period. 
Harker concluded that there were, in fact, not one but 
two 11clocks 11 controlling the daily rhythm of P. americana. 
The second 11clock 11 was found to be located in the corpora 
cardiaca and was reset by chilling the cockroach in the dark. 
More recent work (Fingerman, Lago and Lowe, 1958; 
Rensing, 1964-; Roberts, 1966) has tended to cast doubt on 
Harker Is results and to implicate instead the pars inter-
cerebralis of the brain as the major controlling centre or 
"clock 11 for daily activity rhythms, Roberts 0966) working 
on P. americana, and using the same technique as Harker, 
was unable to demonstrate the importance of the sub - oesophageal 
ganglion or the corpora cardiaca in the control of daily rhythms. 
By cutting out various parts of the brain Roberts was a.b1e to 
show quite clearly the importance of the pars intercerebrdis 
of the brain. Brady 0967 a, b, and c) also worked on 
J?. americana. He was unable to confirm either Harker Is 
or Roberts I results and suggested that the divergent results 
obtained by the various workers could only be explained if 
the controlling "clock 11 in the brain was assumed to b -.3 
electrical rather than hormonal. This electrical centre in 
the brain would control neuro-endocrine systems in tn~ '/ e ::t r al 
nerve cord. There is also some evidence in other ins ects 
which implicates the brain, rather than the sub-oesophageal 
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ganglion, in the control of activity rhythms. Rensing 0964-), 
for example, has shown that there are circadian changes in 
the neurosecretory activity of the brain of Drosophila which 
are related to the activity cycle. 
From the literature it can be seen that four main 
techniques have been used to investigate the "clocks 11 controlling 
activity rhythms, parabiosis, chilling, histological techniques, 
and ganglion transplants or other surgical technique~. 
Because pit building was used as the criterion of activity, 
chilling techniques were obviously most suitable for the study 
of "clocks 11 in Myrmeleon obscurus larvae. 
As much of the recent literature points to the importance 
of the head region, particularly the brain, it was decided to 
chill this region first. The brain in Myrmeleon obscurus 
larvae lies very close to the dorsal surface of the head 
which is very much flattened to act as a shovel for digging . 
The brain is thus easily chilled from the dorsal surface. 
"Whole ant-lions were also chilled in an attempt to stop any 
neurosecretory 11clocks 11 located in other parts of the body. 
Chilling of ant-lion heads was carried out using a short, 
thin piece of copper wire, one end of which was passed into 
a container of solid- carbon dioxide . The free end of the wire 
was placed on the centre of the ant-lion's head vvith the aid 
of a micromanipulator . The animal itself was not ana esthe-
tized but was firmly held with plasticine. The exact temper-
ature at the surface of the head was not determined but it was 
noted that the copper wire remained frosted with ice crystals 
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throughout the chilling period. 
It has been shown that the larvae of Myrmeleon obscurus 
were normally active at approximately 6 p.m . Chilling was 
thus performed between 5 p.m. and 6 p.m. as it was assumed 
that at this time chilling would have its greatest effect on the · 
activity rhythm. As a control an animal was held down with 
plasticine for the same length of time without being chilled. 
Both ant-lions were then placed in · actographs in th~ constant 
dark and their activity recorded for a further five days. 
Each animal was fed one ant a day and the laboratory was 
maintained at a temperature of 18 t_ 3° C. This experiment 
was repeated with a second individual and the results obtained 
confirmed those from the first individual. 
The results of this chilling experiment are shown in Fig. 
25 where the activity records for both control and chilled 
animals are given. Chilling the brain initially inhibited all 
activity for a few days, but thereafter the rhythm continued as 
before. There was no visible shift in the rhythm at all. 
Two alternative explanations are possible. Firstly, the brain 
might have nothing to do with the control of activity rhythms 
in ant-lion larvae. Secondly, the daily rhythm might have 
been maintained by another 11clock 11 located in some other part 
of the body. Such a situation would be similar to the one 
reported by Harker 0956) for P. americana. Harker 
reported that a second "clock 11 , located in the corpora cardiaca, 
could be reset by placing the animal in darkness during the 
A 
B 
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Fig. 25. The daily activity ol two .ZV:Jv.rm el~...~ on o.:.scu .:: .. ~.<.s 
larvae. Animal A was the control which was k ept under 
normal daylight conditions for fou r d a y s . O n day fi v0: 
it was held down with plasticine between th e h ours of 
5 p. m . and 6 p . m . It w a s the n replaced in the o.cto -
graph and its activity recorded 7 in the constant dark, l or 
a further five days . 
A .-J.imal B was k e pt m normal d a ylight cond itions f o r · four 
days. On day five its head vva s chilled b e bve e n the 
hour s of 5 p.m . a n d 6 p.m . T he a ctivity of ~2-.:Js chilh.d 
ant-lion was then recorded for a lurther fi ve d a y s . 
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chilling period. An experiment was thus performed in which 
the brain of a Myrmeleon obscurus larva was chilled m the 
dark. As in the · earlier experiments the chilling was per-
formed between 5 p.m. and 6 p.m. and the activity of the ant-
lion was recorded in constant dark. 
The results of this experiment are shown in Fig. 26. 
From this figure it can be seen that chilling initially inhibited 
all activity but thereafter the rhythm showed two ac~ivity peaks. 
The first of these activity peaks tended to occur earlier each 
day between day 8 and day 12. The second activity p e ak 
generally occurred at the normal time, that is, at the same 
time as in the unchilled animal. On some days this peak was 
up to 30 minutes later than usual but this variation was no 
greater than that found in a normal unchilled animal. The 
significance of the two distinct peaks noted in this experime n t 
is doubtful. It may indicate that there were two "clocks 11 , 
one of which was put out of action by being chilled in the dark, 
while the second 11clock 11 continued unchanged. This explana-
tion, however, seems unlikely since chilling would be expected 
to delay the clock rather than speed it up. Apart from the 
two main activity peaks some slight activity was also evident 
at other times of the day but this was no more marked than 
1n a normal animal. 
The results obtained in these experiments were indecisive 
and it was decided to turn to group experiments. A group of 
96 Myrmeleon obscurus larvae was placed in a refrigerator 
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F ig. 26. The daily activity of a Myrmehon ol:: .::c;; .:.•;.:.~"· 
larva before and after chilling the brain . 
first four d a y s of the experiment the anima} ; .;r.:;.s }:c:_p~ in 
normal daylight conditions. On day five its hec...d ':Nas 
chilled between the hours of 5 p.m. and 6 p .::n. 
this chilling period the ant-lion was k e p t in the:: dar!.: . '::."'h.__ 
a ctivity was the n recorded in the constant dar;: fer .::! 
furth er 16 days . The tempe r ature of thE- !:J.b or.:.:.:;ry -;;~· :::..:: 
and the ant-lion was fed one an;; <:< ~sy. 
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0 
at a temperature of 4. 4 C. 0 The temperature of 4.4 C was 
chosen since it has been shown that no pit building activity 
0 
takes place below ll C. The internal temperature of the 
larvae was not recorded during the chilling period but, since 
the larvae were completely exposed without any insulating sand, 
it was assumed that their internal body temperature would drop 
to a figure very close to the chilling temperature. The group 
of ant-lions was chilled between 3 p.m . and 6 p.m .. After 
chilling the larvae wer e replaced in their dishes of sand and 
returned to the laboratory where they were kept under natural 
daylight conditions and a temperature of 18 ± 3° C. By the 
following morning the entire group had constructed pits. 
These pits were destroyed and the activity of the ant-lions w as 
then observed every 15 minutes for the following 24 hours. A 
control group of 96 unchilled ant-lions was observed at the same 
time. The activity of both groups was estimated as described 
zn section 4.1 and the results are shown in Fig. 27. 
From Fig. 27 it can be seen that there was very little 
difference between the chilled and unchilled groups except :::t.t 
dawn when the chilled group showed an unusually high level 
of activity. It may be that the normal peak of activity at 
dusk was controlled by a 11clock 11 which was insensitive to 
low temperatures, while the dawn peak of activity could have 
been due to a second 11clock 11 which was delayed by the period 
of chilling. This suggestion, however, seems unlikely since 
the delay in the second 11clock 11 was longer than the original 
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Fig . 2 7 . The activity of two groups of 96 Mjrr·me].:::o:rJ. 
obscurus larvae observed over a 24 hour p eriod. The 
activity was estimated as described ir- the te .. -....--6 (section L~ . l). 
The shaded area represents the control group 'XIhich was 
kept in the laboratory under normal daylight conditions c:J.rld 
.J_ 0 
a temperature of 18 ~ 3 C . The unshaded graph rcpre~e~~s 
between the hours of 3 p. rr: . and 6 p.m . on the day 
preceding the activity observations . After chiilinz ches.:: 
ant-lions were returned to the laboratory and kep t under· 
normal daylight conditions and .a temperature of 18 -!:_ 3° C . 
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period of chilling. These results also conflicted with results 
of earlier experiments in which the second "clock 11 appeared 
to be speeded up by the chilling of the brain. 
Further experiments were thus performed in which 
different groups of ant-lions were chilled for varying lengths· 
of time. Four groups of 48 ant-lions were used. One 
of these groups (group A) was the control which remained 
unchilled . The remaining three groups (groups B, C and 
0 
D) were chilled in the refrigerator at 4.. 4 C on the day pre-
ceding the activity observations. The groups were chilled fo :t' 
the following lengths of time: group B, 2 hours (4. p . m. to 
6 p.m.); group C, 4 hours (2 p.m. to 6 p.m.); group D, 
6hours (12noonto6p.m.). All groups were then returned 
to the laboratory where they were maintained under natural 
daylight conditions and a temperature of 18 ~ 3° C; The 
activity observations were begun at 8 a.m. the following 
morning and continued for a period of 24 hours. The activity 
of the various groups was estimated as described in section 
The results of this experiment are shown in Fig. 28. 
From this it can be seen that chilling reduced the general 
level of activity. Group D, which was chilled for the longesi: 
period of time, showed the lowest activity. In all groups, 
except group D , there was a marked peak of activity 1'n 
the early evening. This peak occurred from one to two 
hours later in the chilled groups than it did in the control. 
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Fig. 28. The activity of four groups of 96 Jvh7rm ..::leon 
obscurus larvae chilled for various lengths of times . 
The activity of each group was observed over a 
24 hour period as described in section 4 .1. Group 
A, control kept in laboratory at 18 ± 3°C,· group B 
chilled in the refrigerator for 2 hoursj group C, 
chilled for 4 hours j group D, chilled for 6 hours. 
All groups vere chilled to 4. 4 ° C. For further 
details see text. 
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This delay in the activity was not related to the length of 
time for which the groups had been chilled. All the groups 
also showed several peaks of activity during the night but 
again no relationship was evident between these peaks and 
the length of the chilling period. 
The results obtained from this series of chillinJ experi-
ments were thus inconclusive . In s ome experiments there 
appeared to be evidence for a ''clock" controlling the activity 
rhythm which was upset by chilling to low temperatures . 
In other experiments, however, chilling did not appear to 
have any effect at all, apart from lowering the general level 
of activity. No definite conclusions could thus be drawn 
about the location of a "clock" controlling · activity in Myrmeleon 
obscurus. 
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5. THE LUNAR RHYTHM OF PIT 
BUILDING ACTIVITY 
5.1 THE EXISTENCE OF A ."'.:: . 71\TAR RHYTHM IN 
FIELD AND LABORATORY POPULATIONS 
In many of the preliminary experiments on the effects of 
feeding frequency, temperature, and crowding, it was found 
that there were peaks in the pit building activity which could 
not be explained by the experimental conditions. These 
peaks, which occurred in addition to the normal diurnal 
activity rhythm, were found to be correlated with the phases 
of the moon. The lunar rhythms were expressed as varia-
tions in pit volume and were therefore investigated by taking 
daily measurements of the pit sizes of many individual animals. 
The depth, and diameter, of each conical pit was measured, 
and these readings were then converted to volumes using the 
normal formula for a cone. The times of moonrise anc 
moonset, together with other lunar information, was obtained 
0 from the Astronomical Ephemeris (Southern Latitudes -35 
plus 10 minutes). 
Two examples of lunar activity peaks are shown in 
Fig. 29 . The first of these graphs (Fig. 29A) was 
obtained from experiments on feeding frequency (section 3. 3), 
while the second graph (Fig. 29B) was obtained [rem crowdi_"Jg 
experiments (section 3. 2) . In both cases the pit volume 
reached its maximum at the time of full moon. 
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Fig. 29. Fluctuations in the mean daily p it vdumE:: c .. :'i"l'D 
groups of .Z'v'Iyr.meleon obscu.rus larvae a.nd the cor·rehtio::: of 
these fluctuc:..tions with the lunar cycle. Q full moon, .. 2c:.sL· 
quarter, ("j new moon, ( first quarter . 
. A.. Group /.1. from the experiments on f eeding f:re qu.:;nc7 
(section 3.3). This group of 12 ant-lions :-vas kep~ urdc::.' 
normal daylight conditions and each individ.uo.l v-7aD fe d 2/,i"r:;; 
ants a day. 
B . 1-:;;:esults from an e·xperiment on the efiects c!: c;:··c;,.;- ~.':"::,; 
on pit sizG (section 3.2) . This group consiste d c _,. :'J <..::::.. , -
lions . The animals v•7ere subjected to n ormal do.:,rl .:Jj;ht 
conditions and each individual was led o1:1e ant a day. 
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The effect of a lunar pit building rhythm was alsc noted 
m the experiments which were performed to investigate the 
effect of pit disturbance on pit size (section 3. 6). In both 
the undisturbed and the disturbed groups the pits increased m 
volume before full moon. After full moon the pits in the 
disturbed group dropped rapidly in size. The pits of the 
undisturbed group, on the other hand, were not actively 
destroyed but showed a gradual collapse due to dis:turbance 
by prey etc. This led to pits of irregular shape . These 
observations suggested that myrmeleontid larvae were more 
active in constructing pits at full moon than at other stages of 
the lunar cycle . 
In order to investigate the lunar pit building rhythm, the 
pits of a field population consisting of about 50 Myr mele:on 
obscurus larvae were measured every day for a ye:ar . The 
number of· pits constructed by this population fluctuated slightly 
from day to day but, smce there was such a large populat£cn, 
this did not affect the mean pit volume significantly. Thc:.."e 
were a number of reasons for the fluctuations in the numbers 
of pits. Larvae which were moulting did not construct pi~s, 
some ant-lions also pupated during the experimental period 
while new larvae hatched. After disturbance of the p£ts by 
wind or rain some individuals reconstructed their pitiJ faster 
than others and this also led to fluctuations in the nu.":-Jber of 
pits present each day. During periods of rain or strong wind 
no pits were present and thus the record is incomplete. 
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The results obtained from this experiment are shown in 
Fig. 30, where the mean daily pit volume for the group is 
plotted and the times of full moon indicated. This figure 
shows that in the field the pits reached their maximum volume 
at about the time of full moon. These lunar peaks of pit 
building activity were most marked during the summer months 
from October to February. During the winter months the 
peaks decreased in amplitude and were hardly visib~e at 
all during August and September. It has been shown 
(section 3. 5) that low temperatures decreased the size of 
the pits constructed by ant-lions and it seemed likely that 
low temperatures were inhibiting the expression of the lunar 
cycle. 
Suppression of the lunar activity peak by low tem~-::,eratures 
has, in fact, been demonstrated in laboratory experiments. 
In these experiments four groups of 12 ant-lions were used. 
+ 0 
All the groups were kept at 25. 5 - 1 e for seven days to 
eliminate any effects of their previous thermal history. The 
various groups were then subjected to the following tempera-
tures for the next 14 days: 
group A 25.5 + Joe -
27 ± 1°e for days + 0 group B five and 29 - 1 e for n 1ne days 
group e 18 -t Joe 
group D 21 '"!:Joe 
Thereafter all the groups were returned to 25.5 + PC for- a 
further se ven days. 
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19 ·12 8·1-67 28·1 17· 2 
The mean daily pit volume of a 
field population of about 50 Myrm eleon obscurus 
9·3 
larvae. Gaps in the record reflect periods when, 
due to rain or wind, no pits were present. The 
times of full moon are indicated by circles. 
0 0 
.' 29·3 18·4 8·5 28 ·5 . 
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The results obtained from groups A, B, C and D are 
illustrated in Figs. 31 A and B. The times of fu ll m oon are 
also illustrated. It can be seen that the control group A, 
which was kept at a constant temperature throughout, s ho w ed 
a very clear lunar peak. It was thought, however, that 
this peak might be due to the large number of pupatio n s which 
took place towards the end of the experimental period. 
Pupation results in the removal of the largest ant-lions fr o m 
the population and could thus have caused a drop in the mean 
pit volume. The mean pit volume was therefore recalcula te d, 
excluding any readings from animals which had pupated d uring 
the experimental period. From Fig. 31 (A) it c a n be seen 
that, although this correction decreased the level of the g raph 
slightly, it did not alter the shape significantly. Also , s in ce 
graphs of individual animals showed similar trends, the peak 
could not have been due to the procedure use d to obtain m ean 
values. The peak shown in group A thus represe n ted c:. 
true lunar cycle of pit building activity. 
In group B the temperature was raised to 27-29°C, 
and these results did not differ significantly from those of tl::.e 
control group. In groups C, and D , the luna r cycle was 
clearly depressed by the decrease in temperature. This 
depression was most marked in group C where the temper a -
ture was lower than it was in group D. T he pit volume of 
both groups returned to normal once the temperature was 
raised. 
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Fig. 31 A. The mean pit volume of different groups of 
Myrm e leon obscurus larvae subjected to changes in t e m per ature . 
The larvae were each fed one ant a day. 
A. 
+ 0 
Control group kept at a constant temperature of 2 5 . 5 - 1 C 
28 
The corrected values shown in the lower graph (c-----o) 
include only those animals which d id not pupate dur ing the 
course of the experiment. 
B. Group in which the temperature was raised to 2 7 - 29° C 
The times of full moon are indicated by the circles at th e 
bottom of each graph. 
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This experiment indicated that the absence of some 
lunar peaks in the field experiment could have been due to a 
temperature effect. In working on lunar rhythms in the 
laboratory therefore, it is essential to keep the temperature 
constant. 
The effect of temperature on the lunar cycle was more 
clearly demonstrated in the experiments involving temperature 
summations (section ].5). In these experiments .Pit volumes 
at various stages of the lunar cycle were correlated w ith the 
temperature summation for the preceding seven days. (The 
temperature summations were expressed as hour degrees 
centigrade above 10° C). The results obtained for full moon, 
new moon, first and last quarters are shown in Fig. ]2. 
This figure shows that at low temperatures the pit volume 
was small regardless of the stage of the lunar cycle. At 
higher temperatures, however, the pit volume was much grea ter 
at full moon than it was at new moon, while intermediate 
values were obtained at first and last quarters. For example, 
at a temperature summation of 1, 000 hour degrees centigrade 
per week the pit volume at both new and full moon was about 
]. 2 cm.J At 2, 000 hour degrees centigrade, on the o ther 
hand, the full moon pit volume was 3 about 10. 0 em . , while the 
new moon value was only ?. 2 em]. Thus, although a rise 
in temperature always caused an increase in the pit volume , 
this increase was much greater at full moon than it vTas a f: 
new moon. This experiment also confirmed that lo-vT temp-
eratures could override the lunar cycle, since at lovT 
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temperatures there was no difference between the new and 
full moon values. 
This work established that Myrmeleon obscurus larvae 
had a lunar cycle of pit building activity, with the peak 
occurring at the time of full moon. As with the daily 
activity rhythms, it was important to determine whether this 
lunar rhythm was purely a direct response to external environ-
mental factors, such as the light of the moon, or whether it 
was endogenous. The criterion of an endogenous rhythm 
is that it will continue for a time under constant conditions, 
and the lunar rhythm was thus studied both in constant light 
and in constant dark. 
5.2 THE LUNAR PIT BUILDING RHYTHM U !>TDER 
CONSTANT CONDITIONS 
There is very little information on lunar rhythms in 
insects and most of this work appears to indicate that these 
rhythms are purely direct responses to the light of the moon. 
For example, Vanderplank 094-1) showed that the biting activity 
of Glossina pallidipes had a lunar component. He states, 
however, that these insects were more active on moonlight 
nights than on dark nights, and correspondingly less active 
during the day after full moon. Their lunar rhythm vJ"as 
thus a direct response to the light of the moon. The 
remaining work on lunar rhythm s in insects is largely 
restricted to reports of insect catches at light and suction 
traps (Williams and Singh, 1951 i Williams, Singh and 31 
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Ziady, 0956) ~ and to lunar swarming of the so-called "lake 
flies 11 (including mayflies, chironomids and chaoborids) by 
Corbet 0958), Fryer 0959), Macdonald 0956), and .LLfora 
0927). Finally Kerfoot 0967) has discussed the lunar 
periodicity in the foraging behaviour of a nocturnal bee, 
Sphecodogaster. In none of these cases is there any 
evidence that the activity was due to endogenous lunar rhythms, 
such as are found in a large number of marine animals 
(Enright~ 1963) . The only evidence for an endogenous 
lunar activity rhythm in insects is that of Hartland-Row.;; 
0958) who worked on the mayfly Povilla adusta at Lake 
Victoria. These mayflies regularly emerge zn their greatest 
numbers on the second night after full moon. This rhythm 
was shown by Hartland-Rowe to be maintained after the 
larvae had been kept in darkness for ten days, and in the 
case of two individuals after six weeks. No experimental 
details are given, however, and the existence of endoger.ous 
lunar rhythms in insects remains in doubt. 
Preliminary observations had indicated that the l unar 
pit building rhythm of Myrmeleon obscurus larvae might b e 
endogenous and hence a number of experiments wa:'e pe:::--
formed under constant conditions. A group of 12 ant-lion 
larvae was kept at a constant temperature of 29 -.!: 1°:::; in 
continuous darkness. The temperature of 29° C was u s e d 
since it was known that at this temperature the lunar cycle 
would be clearly expressed (see section 5.1). The ant - lions 
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were each fed one ant a day, at times which were randomly 
determined. Some light was obviously necessary during 
feeding and pit measurement and a very dim red light, to 
which these animals are insensitive, was used. The size 
of the pits was measured each day for a period of 92 days, 
after which time the experiment had to be discontinued due to 
the pupation of a large number of larvae. The results 
illustrated in Fig. 33 show that the ant-lions in constant 
dark exhibited a very clear lunar rhythm for two months, 
after which time the rhythm was lost. 
The above experiment indicated that the lunar activity 
rhythm was endogenous since it continued unchanged for two 
months in constant dark, after which time the rhythm broke 
down. This evidence is, however, by no means conclusive, 
and an attempt was made t o clarify the position by experiments 
conducted in constant light. 
As in the previous experiment a group of 12 ant-lions 
+ 0 
was maintained at a constant temperature of 29 - 1 C. 
Instead of being in constant darkness these animals were 
exposed to light of approximately 1,500 lux, which was 
obtained from two 75 W light bulbs. The lights were pla.cec! 
at least three feet away from the experimental animals so 
that they did not affect the temperature significantly. .::-::ceadings 
of pit size were continued for 52 days, after which ~ime the 
pits were extremely small and difficult to measure. 
number of larvae had also pupated. The results ""Ilzc.c are 
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expressed in Fig. 34 show that the lunar cycle occurred as 
normal during the first month. Thereafter the pit building 
activity appeared to be inhibited by the constant lig ht, as the 
pit size dropped steadily until the end of the experiment . 
The above experiments indicated that the ant-lion larva e 
had an endogenous lunar cycle of pit building a ctivity. T he 
largest pits were constructed at the time of full moon and this 
rhythm continued for at least two months in constant dark and 
one month in constant Jig ht. After a month in constant l ight 
not only was the lunar rhythm lost but all pit building activity 
was inhibited. Such rapid damping of a rhythm by light is 
well kn9wn in circadian rhythms, and a number of examples 
are quoted by Harker 0958). I n addition to damping the 
rhythms, continuous light is also reported by Harker to 
completely inhibit activity in a variety of different animals, 
including Ephestia and Drosophila . The fact that the lur-ar 
rhythm of ant-lions did not continue for more than a month 
in constant light need thus not be regarded as evidence against 
its endogenous nature. 
5 . 3 LUNAR RHYTHMS IN VERY YOUNG LP~RVAE 
The lunar pit building rhythm observed in field a n d 
laboratory populations of Myrm eleon obscur us larvae was ' " ')' ?:.:i.oug.t:c 
to be endogenous and it therefore seem e d lik ely that ;"t woulc! 
also be innate. If the rhythm was innate it s h ould b e p r esent 
in the a nt-lion larvae at the time of hat ching , altho ugh the light 
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Fig. 34. The mean daily pit volume of a 
g r oup of 12 Myrmeleon obscurus larvae in 
continuous light of approximately 1, 500 lux. 
The temperature was kept at 29 t 1° C. 
The times of full moo n are indicated by the 
circles at the bottom of the figure. 
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of the moon might be required to set the rhythm accurately. 
In order to determine whether or not the lunar rhythm was 
innate the rhythms of very young Myrmeleon obscurus larvae 
were studied. Originally it was hoped that newly hatched 
larvae, obtained from the breeding of adult insects, could be 
used. During the three years of this research, however, 
it was not possible to get the adults to breed at all in captivity, 
although they survived for up to two weeks. Had breeding 
been successful the lunar and daily rhythms could also have 
been followed through several generations bred under different 
conditions. 
As newly hatched larvae were not available, a large 
number of ant-lions were collected in the field and, using 
body length as a measure of age, was sorted into the following 
groups: less than 5 mm. (group A), 5-7 mm. (group B), 
7-8 mm. (group C), 8-9 mm. (group D), and 9-11 mm. 
(group E) body length. The width of the head capsule vvas 
not used as a measure of aite in these experiments due to the 
difficulty of measuring very small anim als while they are still 
alive. Ant-lions with a body length of less than 5mm. were 
very young larvae and the smallest that could be obta!ned in 
the field. Pit building in these very young larvae was compared 
with that zn the older larvae to establish whether the lunar 
rhythm was innate. 
Each group contained 12 Myrmeleon obscurus larvae which 
were maintained in the laboratory under normal daylight 
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conditions. The ant-lions were, however, shielded from the 
light of the moon. The mean daily pit volume for each group 
was recorded over a period of 18 weeks and the results are 
shown in Fig. 35, where the times of full moon are indicated 
by the vertical broken lines. 
Fig. 35 shows that in groups B, D and E, which 
contained large larvae, an obvious lunar pit building rhythm 
was present. Group C also contained large larvae but 
this group showed a very indistinct lunar rhythm. VVhy the 
rhythm should have been so weak in this particular group is 
not clear. Group A, containing very small larvae with a 
body length of less than 5 mm., at first showed very indistinct 
lunar cycles. Measurements taken during this early stage 
of the experiment were, however, very inaccurate, due to 
the difficulty of measuring such small pits. The fact that the 
results were plotted in cubic centimeters also tended to 
eliminate small differences in pit size, since a difference of c. 
few millimeters was not obvious when the results w ere: 
con verted to centimeters. As the ant - lions in group A 
increased in size, however, the lunar rhythm became more 
e vident, until by the fourth full moon period the amplitude was 
equal to that of the larger groups. By this time the larvae 
had grown considerably in size and were, in fact in tne 5-7 
mm. size range. 
Fr·cm this experiment it was concluded that the very young 
larvae did possess a lunar pit building rhythm, the ampl?.;ude of 
which increased as the animals grew in size. More detailed 
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Fig. 35. The mean daily pit volume for groups of Myrmeleon 
obscu:rus of various ages . The length of the body, from the 
base of the mandibles to the tip of the abdomen, was used D.S 
a measure of age. There were 12 ant-lions zn each group 
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8-9 mm. ; group E, 9-11 mm. 
The times of full moon are indicated by the circles at the 
bottom of the figure and the vertical broken lines. 
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experiments were, however, performed on newly hatched 
larvae. These larvae were obtained from eggs which had 
been extruded from the abdomen of an adult Myrmeleon 
obscurus female, after it had been half eaten by a la:rger 
ant-lion species. The eggs hatched successfully, and within 
a few hours the larvae had constructed their small pits . 
These n ewly hatched larvae were kept in the laboratory where 
they were subjected to normal fluctuating daylight conditions, 
but where they were shielded from the light of the moon. 
A micromanipulator was adapted for measuring the 
3 3 pits and the pit volume was expressed in mm . instead of em . 
A far more accurate measurement· of the very small pits was 
thus obtained. The results are shown in Fig. 36J and from 
this figure it can be seen that the most obvious trend was one 
of rapidly increasing pit size. Although no definite lunar 
rhythm was evident there was a number of peaks in the pit 
volume. Some of these peaks occurred over the time of 
full moon, as in a normal lunar rhythm, while other peaks 
occurred at the time of new moon . Peaks in pit volume 
at the time of new ·moon have also been found occasionally 
in other experiments, although they were generally much 
smaller than the full moon peaks. Examples of new moon 
increases m pit volume are shown in Fig. 37. 
Fig. 37 shows that, in addition to the normal full moon 
peaks, there were often secondary peaks in the pit volume 
over the new moon period. It is interesting to note that these 
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new moon peaks were more. marked in the laboratory (Fig. 
37 A, B and D) than they were in the field (Fig. 37 C). 
It is suggested that this was due to the fact that in the 
laboratory the animals were shielded from the light of the moon. 
The normal full moon peak was thus not reinforced each month 
by the action of moonlight and the new moon peak became more 
evident. 
From these experiments on very young larvae it was 
concluded that young larvae obtained from the field had a lunar 
pit building rhythm while larvae which hatched in the laboratory 
did not have a rhythm. It therefore seems likely that moon-
light is necessary to set the lunar rhythm. It is interesting 
to note that the larvae in the. laboratory hatched shortly before 
full moon and it is probable that they would have shown a 
rhythm had they been exposed to the light of the moon at this 
time. It would be interesting to attempt to set the phase of 
the lunar rhythm in newly hatched larvae by exposing them to 
light of low intensity at times other than the normal full moon 
period. No further eggs could be obtained, however, in 
order to carry out these experiments. 
5.4 EXPLANATION FOR THE LUNAR PIT BUILDING 
CYCLE 
An endogenous lunar rhythm has been shown to exist zn 
field and laboratory populations of Myrmeleon obscurus larvae . 
The obvious question arising from this is why such a rhythm 
should exist. A number of marine animals, such as crabs 
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(Naylor, 1958; Barnwell, 1963) and annelids (Market, 
Market and Vertrees, 1961) have been sh.own to possess 
lunar rhythmicities. These rhythms are in all cases related 
to the tides and to spawning. In insects a lunar rhythm 
has been reported in the inter-tidal midges of the genus 
Clunio by Neumann 0966) and here again the rhythm is 
related to the tides and reproduction. The remaining lunar 
rhythms whlch have been recorded in insects are largely 
restricted to aquatic , although not marine forms. In these 
insects 1 such as mayflies (Corbet, 1958) 1 chaoborids (Mac-
donald, 1956) 1 and chironomids (Fryer, 1959) .1 the adults 
are very short lived 1 and the lunar rhythm ensures that all 
the adults . will emerge at the same time 1 thus increasing their 
chances of finding a mate. In contrast to the above Myrm ·~leon. 
obscurus larvae are completely terrestrial and the lunar rhythm 
is thus obviously not related to tidal conditions. A lunar 
rhythm was recorded in the larvae of ant-lions, not in the 
adults 1 and the rhythm is therefore probably not related to 
the synchronization of reproduction. The functional significance 
of the lunar rhythm in Myrmeleon obscurus if thus difficult to 
understand . Thre e different possibilities are suggested below. 
(1) prey capture 
(2) distribution of ant-lions in their habitat 
(3) the combination of solar day and lunar day rhythms. 
Each of these possibilities was investigated experimentally. 
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5. L;.l Prey capture 
The first suggestion for the functional significance of the 
lunar rhythm in Myrmeleon obscuru s larvae is that it is 
dependent on the numbers of prey present at various times 
of the month. The efficiency of ant-lions as predators 
depends to a large extent on the size of their pits, since it 
is more difficult for prey to escape from a large pit. For 
example, it took an ant 25-33 sees. (mean 30 sees. from 10 
readings) to escape from a pit 77 mm. in diameter and 26 m m . 
deep, while it took only 5 - 16 sees. (mean 10 sees. from 10 
readings) to escape from a pit 30 mm. in diameter and 15 mm. 
deep. The large pits constructed at the time of full moon 
should, therefore, be more efficient in trapping prey. I t 
is possible that the lunar cycle might in some way be connected 
with the numbers of prey present at various stages of the luna r 
cycle. This explanation for the lunar cycle has the dis-
advantage that it involves postulating a lunar rhythm in the prey 
species, in addition to that found in the ant-lions themselves. 
The basis of this suggestion was, however, teste d expe rimen tally. 
The first step in these expe riments was to determine what 
the larvae of J.'vfyrmeleon obscurus would in fact e at . It h as 
been reported by Turner 0915) that ant-lions eat a large 
variety of small in vertebrates, but in order to t est the food 
preferences of Myrmeleon obscurus larvae, num e rous s mall 
anim als were caught in the field and fed to ant-lion s in the 
laboratory. In addition to ants of the genus F heidole, which 
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were the most abundant type of prey in the field, it was found 
that the larvae would eat almost any small invertebrate in the 
right size range, except for some very hard beetles. The 
list of animals that 'the ant-lions accepted is a long one and 
includes spiders, isopods, small millipedes, centipedes, large 
collembolans, flies, small earthworms, and some soft bodied 
. beetles. Fast moving animals, such as spiders, were not 
captured as easily as the slower moving ones but, once 
caught, were readily eaten. By examining the remains of 
the prey it could easily be seen whether or not they had been 
eaten, since when ant-lions feed they suck all the body contents 
out of the prey and flick away the dried remains. 
The abundance of the various prey species in the field 
at different times of the month was investigated using a series 
of traps. 
colonies. 
These · traps were set in the midst of ant-lion 
Each trap consisted of a bottle buried level with 
the ground into the neck of which was inserted a funnel of 
about the same diameter as an ant-lion pit. This funnel led 
into a small collecting bottle containing a dilute solution of 
teepol and water. (This was found to be the most satisfactory 
solution since it evaporated very slowly, and did not give off 
any odour which might repel insects from the lip of the funnel). 
The ground was carefully smoothed around the lip of the 
funnel. This method proved to be very satisfactory in trapping 
small invertebrates. 
In these experiments three traps were used and the 
contents were collected morning and evening for five months. 
-105-
The totals for all morning and evening catches and the grand 
totals for each day were plotted. The results are shown in 
Fig. 38 and Fig. 39. These figures show that, while there 
was a considerable variation in the number of animals caught 
at different times, these variations . did not follow any regu!ar 
pattern. The numbers were probably determined by the 
prevailing weather conditions rather than the lunar cycle. The 
total number of animals caught showed a general increase · with 
the approach of summer and the peaks on 18/11/66, 1/12/66, 
and 9/12/66 coincided with warm still days. Fewer animals 
were caught during cold and wet weather conditions (4/8/66, 
5/9/66) . 
From these experiments it was concluded that the number 
of prey available was not determined by the lunar cycle. 
A further calculation was, however, performed to verify this 
conclusion. All the results obtained during the first four 
months were taken and the total catches for all full moon days 
summed. This process was repeated with one day after 
full moon, two days after full moon etc. From the results, 
which are shown in Fig. 40 it can be seen that the number 
of animals caught in the traps did, in fact, vary at different 
stages of the lunar cycle. The numbers increased short~y 
before new moon and decreased again thereafter. It is 
suggested, however, that these results are not of any great 
significance for two reasons. !3"'irstly, for fluctuations in the 
number of prey to give rise to the very definite lunar rhythms 
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Fig. 38. The number of prey animals caught in thr ee traps, 
set in the middle of ant-lion colonies, over a period of five 
months. Graph A represents the morning collection while 
graph B r e presents the evening collection. The times of fu ll 
moon are indicated by the circles in the centre of the figure . 
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Fig. 4-0. The average number of prey animals caucht in 
traps at various stages of the lunar cycle. Q full moon , 
last quarter, C new moon, { first quarter. 
number of animals caught in traps over a four month period 
was taken and all the catches for the days of full moon summ e d, 
one day after full moon etc. The average values for each 
day of the lunar cycle were then calculated. For further 
details see te.:;,.-t. 
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which were observed in ant-lions, the fluctuations should be 
obvious each month in the field. Secondly, Enright (1963, 
1965) has shown that the method used in this calculation is not 
always reliable since, while it may show up a true lunar rhythm, 
it may also show a rhythm which does not rise above the back-
ground variation of the experiment. It was therefore concluded 
that the lunar pit building rhythm was not determined by the 
number of prey available at different times of the month. 
5. !J.2 Distribution of ant-lions zn their habitat 
The larvae· of Myrmeleon obscurus normally live zn limited 
areas of sand, as under hedges or rocky overhangs. Within 
these habitats some areas are more suitable than others in terms 
of temperature, sand grain size, abundance of prey etc. The 
larvae thus tend to congregate in the more favourable areas, 
and this may be seen in the field. There are, however, 
disadvantages in the larvae being too close together, since 
individuals in the centre of the colony would not get sufficient 
food. The prey would be more likely to be trapped in the 
peripheral pits. It is therefore necessary for the ant-lions 
to space themselves out in the habitat, and it is suggested that 
the lunar pit building rhythm 1s involved in controlling the 
distribution of the larvae. 
It has been observed that when Myrmeleon obscurus larvae 
are crowded in the laboratory, sand flicking by one member of 
the group often stimulates the others to start flicking as well. 
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This sand flicking lS thought to space the animals m the habitat. 
"When the pits are close together, much sand will be flicked 
from one pit to another during normal pit cons_truction. Pits 
which are continually having sand flicked into them will tend to 
collapse and therefore be less effiqient in trapping prey. Sorn:;; 
larvae might thus be stimulated to move away to other parts of 
the habitat, and, in the field, tracks indicating the migration of 
larvae from one part of the habitat to another have often been 
observed . This migration of larvae would tend to space the 
pits more evenly. 
When ant-lion larvae construct big pits they flick out large 
quantities of sand, and the larger the pits the more effective the 
spacing mechanism would be . It may be, however, that the 
larvae would not always construct pits of the maximum s ize 
and it is possible that increases in pit size, and hence sand 
flicking, only take place during certain limited periods. The'se 
increases in pit size could correspond to the increases in pit 
volume observed at the time of full moon. The lunar pit 
building rhythm may therefore be related to the sand flicking 
which spaces the lllfyrmeleon obscurus larvae in the habitat. 
If this is the case, the lunar pit building rhythm would b e 
analagous to the epidietic displays described by Wynne-Edwards 
0962) for a large number of different animals. These 
epidietic, or competitive displays, are involved zn spacing of 
animals in their habitats and occur at regular intervals. 
If the lunar pit building rhythm is involved in spacing 
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Myrmeleon obscurus larvae zn the habitat, it could be expected 
that the lunar rhythm would be more pronounced when the 
animals were crowded . In uncrowded conditions the need 
for spacing would be reduced and the lunar rhythm might be 
less obvious. Experiments were therefore performed to 
determine the effect of crowding on the lunar rhythm. 
Crowding may also exaggerate the lunar rhythm in another way. 
· In the laboratory migration of overcrowded larvae is not 
possible, and it therefore seems likely that some animals may 
be prevented from building pits altogether. The larger larvae 
construct bigger pits and flick out more sand than the smaller 
larvae. The small larvae may thus be prevented from building 
pits. If this occurs then the mean pit volume for the group 
would increase and the lunar rhythm would be exaggerated 
still further. In the crowding experiments therefore, the 
number of pits constructed each day was also noted, in order 
to determi:.2e whether or not some animals were being prevented 
from building pits. 
In these crowding experiments three groups of Myrmeleon 
obscurus larvae, containing 5, 40 and 50 animals respectively, 
2 
were placed in dishes with an area of about 858 em . These 
ant-lions were kept in the laboratory under normal fluctuating 
conditions, and the mean pit volume of each group was recorded 
daily for a period of nine weeks. Each day the number of ant-
lions constructing pits was also noted. 
Fig. 41 shows the mean daily pit volume for the three 
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A 
Fig. 41. The mean daily pit volume of various 
groups containing different numbers of Myrm e!eon 
obscurus larvae. A, 5 ant-lions; B, 40 ant -
lions; C, 50 ant-lions . The times of full moon 
are indicated by the circles at the . bottom of the 
figure and the vertical broken lines. 
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groups. All the groups showed clear lunar activity cycles. 
The lunar rhythm in the crowded groups, containing 40 and 
50 ant-lions, was no more marked than in the uncrowded 
groups containing only five animals. Crowding the animals 
thus had no effect on the lunar pit building cycle. 
The number of pits constructed each day by the various 
groups is shown in Fig. 42. In all groups the number of 
pits constructed each day fluctuated considerably. In neither 
of the crowded groups was there a_ny evidence that fewer pits 
were regularly constructed at the time of full moon. It is, 
however, interesting to note that a far smaller proportion of 
larvae constructed pits in the crowded groups containing 40 
and 50 animals than in the uncrowded group containing five 
animals. In the group containing 50 Myrmeleon obscurus larvae 
the maximum number of pits constructed was 19, while in the 
group containing five larvae all five often constructed pits. 
This decrease in the percentage of pits constructed by the 
crowded groups is due to the increased mortality which takes 
place when the larvae are crowded (section ].2). 
The above experiments showed that crowding the larvae 
of Myrmeleon obscurus did not exaggerate the lunar rhythm 
and it was therefore concluded that the lunar rhythm was not 
involved in spacing the larvae. The number of pits constructed 
by the crowded groups of ant-lions did not decrease at full moon, 
and it was concluded that increased sand flicking at this time was 
not preventing the small larvae from constructing pits. In 
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Fig. 42. The number of pits constructed each day by three 
different groups of Myrmeleon obscurus larvae . The group s 
consisted of ~ 40 and 50 ant-lions respectively in a n area of 
about 858 em . The ant-lions were subjected to normal day-
light conditions but were shielded from the light of the m oon . 
The times of full moon are indicated by the circles at the 
bottom of the figure and by the vertical broken lines . 
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general it was concluded that, although sand flicking was 
probably the mechanism spacing the ant-lions in the habitat, 
this flicking behaviour was not related to the lunar cycle. 
5.4-3 The combination of solar day and lunar day rhythms 
The third possible explanation for the lunar pit building 
rhythm in Myrmeleon obscurus larvae is that it may have no 
functional significance in itself, but may arise by the combination 
of daily solar activity rhythms occurring once every 24 hours, 
and daily lunar activity rhythms occurring once every 24. 8 
hours. These two activity rhythms would come into phase 
once during every lunar cycle, giving rise to a large peak of 
activity. The combination of a solar day and a lunar day 
activity rhythm has been observed in a number of different 
marine animals. In these animals the lunar day rhythm is 
generally bimodal with peaks corresponding to definite phases of 
the tidal cycle. Such a lunar tidal rhyt~m in combination with 
the solar rhythm gives rise to peaks of activity every 15 days. 
Rhythms with a 15 day periodicity have been demonstrated in 
Uca (Brown et al, 1953) and Carcinus (Naylor, 1958). A 
number of other examples have been quoted by Korringa 
0957) and Cloudsley- Thompson 0961), while an extensive 
study has been undertaken on midges of the genus Clunio by 
Neumann 0966). Clunio has a rhythm of emergence with a 
period of about 15 days, corresponding to the semi-lunar cycle 
of spring and neap tides. Under certain conditions, however, 
-116-
some cultures showed a ]0 day rhythm. These insects may 
thus have either a semi-lunar or a lunar rhythm and, since 
emergence always takes place at the same time of day, they 
also have a solar day rhythm. 
The above examples all refer to marine or inter-tidal 
animals, and the only evidence for lunar day rhythms in 
terrestrial insects is that of Campbell 0964-) who worked on 
mealworm larvae. These larvae have a lunar day rhythm of 
oxygen consumption, with maxima at the times of moonrise and 
moonset. The combination of this lunar day rhythm with the 
normal solar day rhythm gives rise to peaks of oxygen con-
sumption at the time of third lunar quarter. It is thus possible 
that the lunar pit building rhythm observed in Myrmeleon obscurus 
larvae might have been due to the combination of lunar day and 
solar day rhythms. Should either of these daily rhythms be 
bimodal it could give rise to a bimodal lunar rhythm, which 
would account for the new moon peaks observed m some 
experiments. 
A daily rhythm of pit building activity has already been 
demonstrated in Myrmeleon obscurus larvae. The important 
question which must be answered is whether or not ant-lion 
larvae possess a lunar day activity rhythm in addition to the solar 
day activity rhythm. To determine whether such a lunar 
day rhythm existed, the daily activity traces of a single 
individual, covering the period 5th April, 1966 to 19th May, 1966, 
were analysed. This was done by counting the number of 
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deflections of the pen on the activity trace of the period in 
question. Only deflections greater than 5 mm. were counted 
so as to exclude all background noise. The times of moonrise 
and moonset for each day were found from the Astronomical 
Ephemeris for 1966 and the activity for all the hours of moon-
rise was summed. This procedure was repeated with the 
hours of moonset, one hour after moonrise/moonset etc. 
Considerable difficulty was experienced~ since the time between 
moonrise and moonset varies greatly depending on the time 
of the lunar month. In an attempt to compensate for this, 
the average number of pen deflections was calculated for each 
hour of the lunar day. These results have been plotted in 
Fig. 4-3. 
Fig. 4-3 shows that there were a number of activity peaks 
during the lunar day, while there was a very low level of activity 
shortly before moonset. The fluctuations were~ however~ too 
great to allow any definite conclusions to be drawn. In order to 
clarify the position, further experiments were performed. 
The daily activity of two groups of 96 Myrmeleon obscurus 
larvae was observed over a 24- hour period, as described zn 
section 4- .1. The activity of the first of these groups was 
observed on 23-24-th February, 1966, while the activity of the 
second group was observed on 3D-31st March, 1966. The times 
of moonrise and moonset were found for these dates and the 
activity summed as in the previous experiment. The results 
are shown in Fig. 4-4-. From this it can be seen that there was 
a very definite activity peak about four hours after moonrise. 
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Fig. 43. The activity of an individual Myrmeleon obscurus 
larva at various times of the lunar day. The results were 
obtained from the daily activity record covering the period 
5th April to 19th May, 1966. The number of deflections of 
the pen, hence activity 1 was determined for each hour of this 
period. The activity for all the hours of moonrise was summed, 
one hour after moonrise etc. During the activity recording 
the ant-lion was kept in normal daylight conditions but was 
shielded from the light of the moon. 
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rise 4 8 12 set 4 8 
TIME OF LUNAR DAY 
The activity of two groups of 96 Myrmeleon obscurus 
larvae at various times of the lunar day. The activity of the 
two g r oups was observed for 24- hours on 23rd - 24-th 
February, 1966 and 30th - ]1st March, 1966, respectively. On 
23rd February the moon rose at 8.25 a . m. and set at 8.4-] p.m. 
In March the moon rose at 2 . 25 p.m. on ]Oth and set at 0. 09 
a.m. on ]1st. The activity of these two groups of larvae was 
estimated as described in section 4- .1. All the activity for the 
hours of moonrise was summed , one hour after moonrise etc. 
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A single lunar day activity peak (as shown in Fig. 44) in 
combination with the normal solar day activity rhythm, could give 
rise to the observed monthly lunar pit building rhythm. If the 
lunar day activity peak occurs shortly after moonrise, then this 
peak would coincide with the solar day activity peak (at dusk) 
when the moon rises shortly before sunset. It is, in fact, at 
the time of full moon that the moon rises shortly before sunset. 
The lunar day and solar day activity rhythms would thus coincide 
at the time of full moon. 
In winter the moon rises earlier than it does in summer 
(for example, in February, 1967 it rose at 7.]8 p.m., while 
in July, 1967 it rose at 4. 47 p.m.), and the lunar day peak 
would thus occur earlier. For the solar day and lunar day 
rhythms to remain in phase it is therefore also necessary for 
the daily activity peak to occur earlier in winter. In order to 
determine whether or not this did occur, the daily activity 
traces of individual Myrmeleon obscurus larvae, obtained at 
different times of the year, were studied. The results of this 
study are shown in Fig. 45, which indicates that the daily peak 
of activity did, in fact, occur earlier in winter than it did w 
summer. No results were available for the midsummer months, 
November to January, and it was thus not possible to state 
exactly how much earlier the activity peak was in winter than 
it was in summer. The difference, however, appeared to be 
of the order of four to five hours. 
The above results may be criticized since each trace 
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represented only a single ant-lion. It was shown in section 
3.1 that there was considerable individual variation in the time 
at which activity took place. The differences shown in Fig. 
45, however, are considerably greater than that normally 
found between individuals measured at the same time of year. 
Further proof that the seasonal shift in activity was not an arti-
fact, was given by experiments in which the activity of groups 
of ant-lions was observed directly for 24 hours. 
Two groups of 96 Myrmeleon obscurus larvae were used 
in these experiments. Both groups were kept in the laboratory 
+ 0 
under normal daylight conditions and a temperature of 18 - 3 C. 
Their activity was estimated by direct observation as described 
in section 3 .1. 
The activity of one group was observed during March 
(summer), while the activity of the second group was observed 
during July· (winter) . The results illustrated zn Fig. 46 show 
that there was a considerable difference in the time at which 
maximum activity took place in these two groups. Durin~ 
March the activity peak occurred between 6 p.m. and 8 p . m., 
while in July the peak was between 4 p.m . and 7 p.m. This 
experiment thus confirmed that the daily peak of activity occurred 
earlier in winter than it did in summer. 
Myrmeleon obscurus larvae have therefore been shown to 
possess both solar day and lunar day activity rhythms , both 
of which occur earlier in winter than in summer. If the 
building of bigger pits at the ti.me of full moon is due to the 
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Fig. 45. The daily activity of M1rrmeleon obscurvs 
larvae at different times of the year. The activity 
of seven different individuals is shown. The animals 
were kept in natural daylight conditions. 
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Fig. 46. The daily activity of two groups of 
96 Myrmeleon obscurus observed at different times 
of the year. Group A observed during March, 
1966 (unshaded graph). Group B observed during 
July, 1966 (shaded graph). The activity of both 
groups was observed over a period of 24 hours 
as described in section 4 .1. 
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combination of these· two rhythms, then changes in either of them 
should produce changes in the lunar pit building cycle . An 
experiment was therefore performed in which the solar day 
activity rhythm was altered by a reversed light-dark cycle, and 
the effect of this reversal on the lunar cycle noted. If the 
lunar day activity peak occurred at moonrise, then the lunar 
monthly peak of pit building activity should occur when the time 
of moonrise coincided with the time of the new (reversed) solar 
day activity peak. In Fig. 44, however, it was shown that 
the lunar day activity peak in Myrmeleon obscurus larvae 
actually occurred some four hours after moonrise. The lunar 
monthly peak of activity should thus be obvious when the activity 
peak, four hours after moonrise, coincides with the reversed 
solar day activity peak. 
A group of 12 Myrmeleol'l obscurus larvae was placed in 
darkness from 9. 45 a.m. to ?. 45 p.m. and in light, of about 
1,500 lux, from 7.45 p.m . to 9.45 a.m. Such a reversed 
light cycle has already been shown (section 4.23) to reverse 
the solar day activity rhythm, so that the animals become active 
at about 10 a.m. instead of at dusk as in normal larvae. Under 
the conditions of this particular experiment it was therefore 
predicted that the monthly lunar activity peak would occur when 
the moon rose four hours before the solar day activity peak. 
If the moon rose at 6 . 00 a.m. the lunar day activity peak, 
occurring four hours after moonrise, would coincide with the 
solar day activ~·ty peak at 10 a.m. This prediction was, zn 
fact, borne out by the resul:s ·of the experiment which are shown 
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in Fig. 47. From this figure it can be seen that there was 
no peak in the pit building activity at the time of full moon 
(20th August, 1967). A peak of activity did, however, occur 
on 3rd September, 1967, on which day the moon rose at 
6. 06 a.m. It should be emphasised that this was the date 
on which the solar day activity rhythm, with the peak at 10 a.m., 
coincided with the lunar day activity rhythm, with the peak four 
hours after moonrise. 
From these experiments it was concluded that the monthly 
lunar rhythm of pit building activity was due to the combination 
of a solar day activity rhythm 1 with the peak at dusk, and a 
lunar day activity rhythm, with the peak four hours after moon-
rise. Both the peaks occurred earlier in winter than in sum mer 
and therefore remained in phase throughtout the year. 
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Fig . 47. The mean daily pit volume of a group of 
12 Myrmeleon obscurus larvae ur1der reversed light 
conditions. The animals were subjected to li~ht cf 
approximately 1, 500 lux from ?. 45 p.-m. to 9. 45 a.m. 
Each ant·-lion was fed one ant a day. The cim es of 
full moon and new moon are indicated by the circles 
at the bottom of the figure. 
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6. DISCUSSION AND CONCLUSIONS 
This work has shown that Myrmeleon obscurus larvae 
possessed two main activity rhythms, the solar day rhythm of 
pit construction and feeding which occurred at dusk, and the 
lunar day activity rhythm which occurred four hours after moon-
rise. These two rhythms combined to give rise to a peak in 
the pit building activity at the time of full moon. These peaks 
at the time of full moon were expressed as an increase in the 
volume of the pits constructed. 
There are a number of comments which can be made about 
the daily activity rhythm. In general this rhythm appeared to 
be similar to other insect circadian rhythms, such as those 
which have been described for the cockroach b y Harker 0956) 
and Roberts 0959), grasshoppers (Fingerman, Lago and Lowe, 
1958), Drosophila (Roberts, 1956), fruit moths (Chiba, 1966 a 
and b), and many others. Like the rhythms described m 
other insects, that found in ant-lions would appear to be 
endogenous, since it continued for at least a month both m 
constant light and in constant dark. In contrast to the other 
rhythms , however, the daily rhythm in Myrmeleon obscurus 
larvae did not conform to Aschoff's Rule (Aschoff, 1960; 
Harker, 1964; Hoffman, 1965; Sollberger, 1965) which states 
that the period of the activity rhythm should be shorter than 
normal in constant dark for dark active animals. The period 
should also be .longer than normal for such animals in constant 
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light, while the opposite applies to animals which are active 
during the day. Ant-lions are active alter dark and one 
would thus expect their period of their activity rhythm to 
decrease in constant dark and increase in constant light. In 
actual experiments, however, the opposite was found to apply. 
In the literature there are a number of other examples of insects 
which do not obey Aschoff's Rule. For example, Drosophila 
mela nogaster is said by Pittendrigh 0960) to violate the Rule, 
while Roberts 0960) h as shown that some cockroaches m 
constant dark have an activity period which is longer than 24 
hours. In constant light, however, all the cockroaches showed 
an increased period in contrast to ant-lions where the period 
decreased. In their responses to constant light and constant 
dark, Myrmeleon obscurus larvae seemed to behave more like 
diurnal animals than nocturnal ones. 
The free-running period lengths calculated for Myrmeleon 
obscurus larvae in the constant dark varied from 24 hours 2 
minutes to 24 hours 1? minutes. This variation is not surprising 
since Lohmann 096?) has shown that each species has a whole 
range of free-running periods. In the cockraoch Leucophaea , 
for example, the range of free-running periods is from about 
23 hours 3 minutes to 24 hours 39 minutes in the constant dark . 
The free-running period of 23 hours 44 minutes obtained for 
Myrmeleon obscurus in constant light was only obtained from a 
single individual. A very large number of experiments need 
to be conducted before the average free-running period in either 
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constant light or constant dark can be determined for the 
species as a whole. 
Another unusual feature of the ant-lions daily activity 
rhythm was the lack of transients in the experiments with 
reversed light dark cycles (see section 4-.23). Normally 
when any animal is placed in an altered light- dark cycle it 
takes several days for the daily activity rhythm to adjust to 
the new conditions. During this period of adjustment the 
rhythm shifts by a small amount each day. These small 
shifts are known as the transients. Although the number of 
transients found in various animals differ considerably under 
different conditions, normally at least one or two days are 
required for complete adjustment to new conditions. For 
example, Warnecke 0966) found that it took beetles of the 
genus Geotrupes from one to eight days to adjust to a reversed 
light cycle, depending on the intensity of the light used. It 
took the beetles two days to adjust to the new light cycle when 
the light intensity was 1.;.00 lux, and five to seven days when the 
light intensity was 50 lux. The higher the light intensity the 
more rapidly the adjustment takes place. The lack of tran-
sients in Myrmeleon obscurus rhythms was perhaps due to the 
very high light intensity used (1,500 lux). 
It seems that the solar day activity rhythm may be of 
great survival value , especially in protecting the ant-lion larvae 
from extremes of temperature. It is well known (Buxton 1 
1923, 1924-) that the surface layers of the sand may get very 
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hot and very cold 1 while a few centimeters below the surface 
the temperature is more moderate. Schaefer 096 7) has, 
in fact, shown that the temperature of the surface sand in 
Myrmeleon obscurus habitats are well above the lethal limit 
during the heat of the day. The larvae can therefore not 
construct their pits during the day 1 since in the early stages 
of pit construction they are exposed on the surface of the sand. 
Pit construction must thus take place when it gets cool. The 
earlier such construction can take place 1 however, the more 
chance the ant-lion has of capturing prey. If construction of 
the pits only took place at dawn no prey could be captured 
during the night. Pits are therefore built shortly after dark 1 
and are available through the night for prey capture. This 
pit construction after dark is controlled by the solar day activity 
rhythm . 
During the heat of the day Schaefer 0967) has shown that 
Myrmeleon obscurus larvae migrate away from the base of the 
pits to cooler sand and it is suggested that this migration is 
also controlled by the solar day activity rhythm. This activity 
rhythm is controlled by light changes. The larvae thus 
probably migrate away from the pit base a set number of hours 
after sunrise 1 and return to the surface a set number of hours 
later. 
The .functional significance of the solar day activity rhythm 
thus seems fairly obvious 1 but no obvious function can be: 
ascribed to the lunar day activity rhythm. "Why the Myrmeleon 
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obscurus larvae should be active four hours after moonrise 1s 
not clear, but this rhythm may possibly be related to "subtle 
geophysical factors 11 (Brown, 1960). These so-called subtle 
factors include cosmic rays, barometric pressure changes, 
and the earth's magnetism. A number of different animals 
have been shown to respond to these factors by Brown 0960), 
Brown, Webb and Macey 0957), Brown, Brett and Webb 
0960), and Bro.wn and Park 0965). Recently Picton 0966) 
has also shown a statistically significant response in Drosophila 
to weak magnetic and electrostatic fields. 
' . 
It is therefore 
possible that the lunar day activity might be related to such 
subtle factors. These subtle factors would have been present 
even under the so-called constant conditions described in this 
work. Should a relationship be established between these 
geophysical factors and the lunar day rhythm, however, this 
would not explain the significance of the activity rhythm in the 
lives of the animal£?. Attempting to establish a relationship 
between geophysical factors and the lunar day activity rhythm 
does not appear to be a profitable line of study. The significance 
of the lunar day rhythm could only be determined by a thoroug h 
investigation of the biology of Myrmeleon obscurus larvae. At 
present no suggestions for the functional significance of the lunar 
day activity rhythm can be made. It is possible that this 
rhythm is due to the combination of other rhythms as was shown 
to be the case for the monthly lunar rhythm. 
The monthly lunar activity rhythm which was demonstrated 
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zn Jviyrmeleon obscurus larvae, was shown to arise by the 
combination of the solar day activity rhythm and the lunar day 
activity rhythm. The monthly rhythm did not appear to have 
any functional significance in itself. 
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?. SUMMARY 
1) An investigation was undertaken into the varwus activity 
rhythms found in the larvae of Myrmeleon obscurus 
(Neuroptera, Myrmeleontidae). 
used as the criterion of activity. 
Pit construction was 
2) The capacity sensitive electronic circuit used to monitor 
the daily pit building activity is described. 
3) Vario?-JS factors affecting the size of the pits constructed 
4) 
. by ant-lion larvae were investigated. Pit size was 
found to be correlated with the size of the larvae, 
larger larvae constructing bigger pits. Population size 
was also shown to have an effect, since the more 
crowded the animals were the smaller and closer to-
gether their pits became. The death rate due to 
competition between the larvae also increased as the 
ant-lions became more crowded. 
Feeding frequency also affected pit size. 
were starved constructetl very small pits. 
Ant-lions which 
5) Pit size was affected by the texture of the sand, maximal 
pit size being attained in sand with a grain size of between 
353 ~ and 211 IJ This was shown to be the most 
abundant grain size in sand from the natural habitat. 
In sand coarser or finer than this, pit size was reduced. 
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6) Generally smaller pits were constructed at lower 
temperatures, but this response depended largely on 
the lunar cycle. The upper and lower critical limits 
0 0 for pit construction were found to be 11 C and 42 C. 
Below and above these temperatures no pits were con-
structed, although the ant-lions remained alive . 
7) Daily destruction of the pits decreased the pit s ize. 
8) The existence of the daily pit building activity rhythm, 
which occurs at dusk, was demonstrated in individuals 
and in populations of ant-lion larvae. This rhythm was 
studied using the capacity sensitive circuit, and also by 
direct observation of groups of animals over a 24 h our 
perz:od. 
9) The daily activity rhythm appeared to be endogenous, 
since it continued for at least a month both in constant 
light and in constant dark . The rhythm was altered by 
reversals in the daily light-dark cycle, and it was con-
eluded that light was the main phase setting factor. 
10) An attempt was made to determine the location of the 
"clock" or 11clocks " controlling the daily activity rhythm. 
This was investigated by chilling the heads of individual 
ant-lions with a fine copper wire, and also by chilling 
large groups of animals in the refrigerator. From these 
experiments no definite conclusions could be drawn about 
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the location of the llcJock u. 
(11) The existence of a lunar pit building cycle was demon -
strated in both field and laboratory populations of ant-
lions. Maximal pit size was attained at full moon . 
Very low temperatures were found to suppress these 
lunar peaks. 
(12) The lunar pit building rhythm ·Was shown to be endogenous J 
since it continued for at least two months in constant dark 
and one month in constant light. 
(13) The lunar pit building rhythm of very young larvae was 
investigated, and it was .shown that while larvae which 
hatched in the field appeared to possess a lunar rhythm, 
larvae which were hatched in the laboratory did not 
have a rhythm. It was therefore concluded that the 
-light of the moon was necessary to establish the lunar 
rhythm . 
04.) Some possible explanations for the lunar cycle were 
investigated experime ntally. It was concluded that the 
lunar rhythm was not related to the number of prey 
present at various times of the lunar cycle or to the 
spacing of· the animals in their habitat . The lunar 
rhythm w ·as shown to be due to the combination of 
a lunar day activity rhythm and a solar day activity 
rhythm. 
-1]6-
(15) Some aspects of the daily rhythm are discussed, and 
this rhythm is compared with those found in other 
insects. Probable functional reasons for the rhythm 
are presented. 
-13?-
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